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The water buffalo (Bubalus bubalis) is one of the most important livestock species, its 
economic importance is due to the production of the worldwide famous mozzarella 
cheese (Mozzarella di Bufala Campana). 
Among the major pathogens with zoonotic potential affecting water buffalo species a 
crucial role is played by Escherichia coli and Salmonella spp., responsible for 
gastrointestinal diseases and Mycobacterium bovis causing tuberculosis. The 
prophylaxis for gastrointestinal pathogens allows the use of specific vaccines. By 
contrast, for Mycobacterium bovis the Italian National Program for the tuberculosis 
control and eradication, prohibits vaccination.  
In this context the gastrointestinal pathogens were studied to well characterize them 
and allow the production of effective autogenous vaccines, while for tuberculosis a 
molecular characterization of host genes (Bubalus bubalis toll-like receptor 2, toll-like 
receptor 4, toll-like receptor 9) has been performed. The role of genes in protection 
also against bacterial infections prompted the search for polymorphisms conferring 
resistance to mycobacterial infection in this species.The genetic selection, as a mean 
to increase the frequency of genes providing resistance to infection diseases, may 
have a positive impact on the economics of dairy industry. 
In the current study were performed: (I) a molecular characterization of the virulence 
factors of E. coli and Salmonella spp. and (II) a molecular characterization of genes 
involved in the immune response of water buffalo.  
Escherichia coli isolates from  water buffalo (Bubalus bubalis) calves affected by 
severe diarrhoea with a lethal outcome were characterized for the presence of the 
virulence factors LT, ST, Stx1, Stx2, haemolysins, intimin, CNF, CDT, and F17-
related fimbriae. The prevalence of ETEC, STEC and NTEC were 1.8%, 6.8% and 
20.9%, respectively. The ETEC isolates were all LT-positive and ST-negative. The 
STEC isolates were all Stx and intimin-positive, with Stx1 (80%) more frequent than 
Stx2 (27%). The NTEC isolates were all CNF and Hly-positive. Susceptibility assays 
to antimicrobials displayed high rates of resistance (>30%) to antimicrobials tested. 
These data show that the most prevalent strains in diarrhoeic water buffalo calves 
were NTEC, mostly CNF and hly positive, with strong associations CNF/CDT and 
CNF/F17. 
Salmonellosis in water buffalo (Bubalus bubalis) calves is a widespread disease 
characterized by severe gastrointestinal lesions, profuse diarrhea and severe 
dehydration, occasionally exhibiting a systemic course. Several Salmonella serovars 
seem to be able to infect water buffalo, but Salmonella isolates collected from this 
animal species have been poorly characterized. In the present study, the prevalence 
of Salmonella spp. in water buffalo calves affected by lethal gastroenteritis was 
assessed, and a characterization of isolated strains of S. Typhimurium was 
performed.  
The microbiological analysis of the intestinal contents obtained from water buffalo 
calves affected by lethal gastroenteritis exhibited a significant prevalence of 
Salmonella spp., characterized by different serovars, most frequently Typhimurium. 
The 13 S. Typhimurium isolates were all associated with enterocolitis characterized 
by severe damage of the intestine, and only sporadically isolated with another 
possible causative agent responsible for gastroenteritis. The S. Typhimurium strains 
were characterized by phage typing and further genotyped by polymerase chain 
reaction (PCR) detection of 24 virulence genes. The isolates exhibited nine different 
phage types and 10 different genetic profiles. These results provide evidence that 
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Salmonella is frequently associated with gastroenteritis in water buffalo calves, 
particularly S. Typhimurium. Moreover, the variety in the number and distribution of 
different virulence markers among the collected S. Typhimurium strains suggests that 
within this serovar there are different pathotypes potentially responsible for different 
clinical syndromes. 
Toll-like receptors play a key role in innate immunity by recognizing pathogens and 
activating appropriate responses. Pathogens express several signal molecules 
(pathogen-associated molecular patterns, PAMPs) essential for survival and 
pathogenicity. Recognition of PAMPs triggers an array of anti-microbial immune 
responses through the induction of various inflammatory cytokines. A case-control 
study was performed to characterize the distribution of polymorphisms in three 
candidate genes (toll-like receptor 2, toll-like receptor 4, toll-like receptor 9) and to 
test their role as potential risk factors for tuberculosis infection in water buffalo 
(Bubalus bubalis). 
The case-control study included 174 subjects, 54 of which resulted positive to both 
intradermal TB test and Mycobacterium bovis isolation (cases) and 120 resulted 
negative to at least three consecutive intradermal TB tests. The statistical analysis 
indicated that six polymorphisms exhibited significant differences in allelic 
frequencies between cases and controls. Indeed, the GG and TT genotypes at TLR2 
381 A>G and TLR2 2064 T>C sites, respectively, resulted significantly associated 
with susceptibility to bovine tuberculosis (P<0.001, OR=52.25, 95% CI=6.75÷404.57, 
and P <0.001, OR= 48.5, 95% CI=10.88÷216.26, respectively). Four polymorphisms 
resulted significantly associated with resistance to the disease, and included the AG 
and CC genotypes, at the TLR2 381 A>G and TLR2 2064 T>C sites, respectively, (P 
<0.001, OR= 0.06, 95% CI= 0.01 to 0.25, and P <0.001, OR=0.04, 95% 
CI=0.01÷0.13, respectively); the CC genotype at the TLR4 672 A>C site (P = 0.01, 
OR= 0.28, 95% CI=0.10÷0.76), and the C/C genotype at the TLR9 2340 C>T site (P 
= 0.04, OR=0.33, 95% CI=0.11÷0.92). Haplotype reconstruction of the TLR2 gene 
revealed an haplotype (CTTACCAGCGGCCAGTCCC) associated with disease 
resistance (P=0.04, OR=0.51, 95% CI=0.27÷0.96), including both allelic variants 
associated with disease resistance. 
The work describes novel mutations in bubaline TLR2, TLR4 and TLR9 genes and 
presents their association with M. bovis infection. These results will enhance our 
ability to determine the risk of developing the disease by improving the knowledge of 
the immune mechanisms involved in host response to mycobacterial infection, and 

















RIASSUNTO   
 
Il bufalo (Bubalus bubalis) è una delle specie economicamente più importanti per 
l’industria lattiero-casearia, è allevato in tutto il mondo ed in particolare nel sud 
dell’Italia; la sua importanza è dovuta alla produzione della mozzarella (mozzarella di 
bufala campana DOP).  
Le zoonosi (malattie trasmissibili all’uomo) dei grandi ruminanti sono causa di 
notevoli perdite economiche ed inoltre rappresentano un rischio per la salute umana. 
Fra i principali patogeni con potenziale zoonosico che colpiscono la specie bufalina 
un ruolo cruciale è giocato da Escherichia coli e Salmonella spp., responsabili di 
patologie gastrointestinali (Fagiolo et al. 2005) e Mycobacterium bovis responsabile 
della tubercolosi, attualmente considerata una patologia riemergente. Per la profilassi 
delle malattie dovute a Escherichia coli e Salmonella spp. è autorizzato l’uso di 
specifici vaccini, mentre per Mycobacterium bovis il Piano Nazionale Italiano per il 
controllo e l’eradicazione della tubercolosi, proibisce l’uso di vaccini. In particolare il 
PNI impone l’abbattimento di tutti i capi risultati positivi al test 
dell’intradermotubercolinizzazione (skin test), ed il prelievo dall’animale morto di un 
campione di linfonodo, dal quale successivamente va effettuato l’isolamento del 
micobatterio, come analisi di conferma (OIE, 2013). Lo skin test può dare falsi 
positivi, per cui fra gli animali abbattuti ve ne sono alcuni in cui non vengono mai 
ritrovati i tipici segni della malattia all’esame anatomopatologico e mai da essi viene 
isolato il micobatterio (Pollock e Neill 2002). Questo ha significative implicazioni per il 
controllo della malattia ed i programmi di eradicazione. Studi sia su animali malati 
che su animali che sono stati esposti alla malattia ma che non l’hanno sviluppata 
possono fornire importanti informazioni per la caratterizzazione dei geni coinvolti nell’ 
immunità innata del bufalo.  
La presenza di queste patologie infettive negli allevamenti bufalini della Campania 
rende il bufalo un ottimo modello animale nel quale condurre studi: a) sulla 
caratterizzazione dei patogeni gastrointestinali come Escherichia coli e Salmonella 
spp., responsabili di gastroenteriti, con l’obiettivo di permettere la produzione di 
vaccini autogeni più efficienti e b) sulla identificazione e caratterizzazione di geni 
coinvolti nella resistenza o suscettibilità all’infezione da micobatterio, col fine di 
creare nell’ambito degli allevamenti strati molteplici di resistenza.  
 
Patogeni gastrointestinali: Escherichia coli e Salmonella spp. 
 
La sintomatologia tipica delle gastroenteriti è caratterizzata da diarrea e conseguente 
disidratazione, che può presentarsi in forme più o meno gravi. Talvolta, al 
coinvolgimento del tratto gastroenterico si accompagna anche quello di altri distretti, 
e questo accade quando ad essere coinvolti sono batteri in grado di dare setticemia 
o di produrre tossine che attraverso il circolo sanguigno raggiungono diversi organi 
bersaglio, quali apparato respiratorio, articolazioni e sistema nervoso centrale. Inoltre 
i microrganismi patogeni possono agire in associazione nello stesso animale, 
contribuendo a rendere più complesso il quadro delle misure terapeutiche e 
profilattiche da intraprendere nelle aziende interessate (Fagiolo et al. 2005). 
La diffusione di questi patogeni, particolarmente E. coli e Salmonella spp., negli 
allevamenti di ruminanti domestici rappresenta oggi un ulteriore motivo di allarme a 
causa della presenza e diffusione di batteri antibiotico-resistenti in risposta all’ampio 




Molti dei microrganismi patogeni responsabili di gastroenterite nel vitello bufalino 
sono caratterizzati dalla presenza di fattori di virulenza, implicati nella patogenesi e 
nella evoluzione della sindrome gastro-enterica. In particolare, le infezioni da E. coli 
possono essere causate da diversi patotipi, principalmente E. coli enterotossici 
(ETEC), E. coli enteropatogeni (EPEC), ed E. coli produttori di tossine Shiga (STEC). 
Questi patotipi possono indurre una varietà di sintomi, tra cui diarrea, colite 
emorragica e infezioni extra-intestinali (Quinn et al. 2011).  I loro meccanismi 
patogeni possono essere attribuiti a diversi fattori di virulenza quali: enterotossine 
(tossina termolabile – LT, simile alle tossine coleriche e in grado di fungere anche da 
fattore di adesione; tossina termostabile - ST, in grado di determinare squilibrio idrico 
agendo sull’assorbimento del Na+); tossine Shiga (Stx1 e Stx2), che inducono la 
morte cellulare inibendo la sintesi proteica; fattori di colonizzazione (flagelli, capsule, 
lipopolisaccaride, adesine e fimbrie – tra cui le fimbrie della famiglia F17) (Quinn et 
al. 2011). Inoltre, spesso in associazione a casi di infezioni extra-intestinali, possono 
essere isolati E. coli necrotossici (NTEC), caratterizzati dalla presenza di fattori 
citotossici necrotizzanti (CNF) e/o di una tossina citoletale (CDT), tutti fattori in grado 
di indurre morte cellulare. Alcuni o tutti questi patotipi possono esprimere ulteriori 
fattori di virulenza quali l’intimina, codificata dal gene eae, e le emolisine (hly), ad 
azione citotossica. 
Salmonella dispone di specifici fattori di virulenza  collocati a livello cromosomiale, 
sulle (Isole di Patogenicità), a livello plasmidico o delle regioni profagiche, la cui 
presenza può determinare un incremento della virulenza, una maggior tendenza 
all’invasività e la resistenza verso una o più classi di antibiotici. Le SPI (Salmonella 
Pathogenicity Island), sono regioni di DNA dove si localizzano i geni fondamentali 
per la virulenza del batterio che risultano essere assenti nei ceppi non patogeni. 
Lo studio delle gastroenteriti nei vitelli bufalini dovute ad E. coli e Salmonella spp. è 
stato condotto nella regione Campania su 248 vitelli bufalini allevati in 25 aziende 
diverse. Gli animali avevano un’età compresa tra 1 giorno e 4 settimane e risultavano 
tutti affetti da sindrome gastroenterica.  
E. coli è stato isolato mediante metodo microbiologico ed è stato considerato come 
plausibilmente correlato alla sindrome diarroica solo quando riscontrato in 
concentrazioni non inferiori a 108 UFC/g di contenuto intestinale (Quinn et al. 2011). I 
ceppi di E. coli sono stati caratterizzati per la presenza di specifici fattori di virulenza 
(lt, st, stx1, stx2, eae, cnf, cdt, F17). L’attività emolitica (hly) per ciascun ceppo è 
stata definita valutando l’alone di emolisi in seguito a crescita su agar al 5% di 
sangue di montone (Quinn et al. 2011). 
L’isolamento di Salmonella spp. è stato effettuato secondo quanto indicato nella 
relativa norma ISO (UNI EN ISO 6579:2002). Le salmonelle isolate sono state 
sierotipizzate per l’identificazione dei ceppi di S. enterica sottospecie Typhimurium 
secondo lo schema di Kaufmann-White (Grimont et al. 2007). I ceppi isolati di S. 
Typhimurium sono stati fagotipizzati dal Centro di Referenza Nazionale Italiano per le 
Salmonellosi (Istituto Zooprofilattico Sperimentale delle Venezie).  
I ceppi di Salmonella Typhimurium sono stati caratterizzati attraverso l’identificazione 
di 24 geni codificanti per fattori di virulenza. La caratterizzazzione genetica include 
cinque loci  (avrA, ssaQ, mgtC, siiD, and sopB) localizzati rispettivamente su SPI 1-5 
(Huen et al.2009), otto loci (gipA, gtgB, sopE, sodC1, gtgE, gogB, sspH1, and 
sspH2) di origine profasica (Mikasowa et al. 2005; Chiu & Ou 1996; Hopkins& 
Threlfall 2004), il gene spvC, localizzato su un plasmide di virulenza e nove geni 
(stfE, safC, csgA, ipfD, bcfC, stbD, pefA, fimA, and agfA) codificanti per fimbrie 
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batteriche, coinvolte nell’adesione alle superfici e colonizzazione dell’intestino 
(Barrow et al. 2010). 
Tutti i ceppi di E. coli e di Salmonella spp. isolati sono stati caratterizzati per la 
suscettibilità/resistenza agli antibiotici mediante la tecnica di diffusione di Kirby-Bauer 
su Mueller-Hinton Agar (Oxoid), secondo quanto indicato dal Clinical and Laboratory 
Standards Institute (CLSI, 2008). I ceppi di E. coli sono stati saggiati per la sensibilità 
ai seguenti 16 antibiotici: acido nalidixico (ANA), amoxicillina (AMC), 
amoxicillina/acido clavulanico (AMCL), ampicillina (AMP), apramicina (APR), colistina 
solfato (CT), enrofloxacina (ENO), flumequina (FLUMEQ), gentamicina (GN), 
neomicina (N), ossitetraciclina (OT), sulfametoxazolo/trimethoprim (SXT), tetraciclina 
(TE), penicillina (PG), marbofloxacina (MAFL), lincomicina (MY). I ceppi di 
Salmonella spp. sono stati saggiati per la sensibilità ai seguenti 16 antimicrobici: 
acido nalidixico (ANA), ampicillina (AMP), cefotaxime (CEF), ciprofloxacina (CIP), 
cloramfenicolo (CLO), gentamicina (GN), kanamicina (KAN), streptomicina (STR), 
sulfonamidi (SUL), tetraciclina (TE), sulfametoxazolo/trimethoprim (SXT), colistina 
solfato (CT), amoxicillina/acido clavulanico (AMCL), enrofloxacina (ENO), cefalotina 
(CF), ceftazidime (CAZ). 
Le analisi eseguite sulle feci provenienti da 248 vitelli bufalini hanno indicato la 
presenza di 188 (76%) campioni positivi per E. coli. Tra i ceppi isolati, 57 (23% dei 
casi di gastroenterite)  sono risultati positivi alla ricerca di fattori di virulenza e/o di 
emolisine. Dei 57 ceppi isolati, 4 ceppi (2%) sono stati identificati come E. coli 
Enterotossici (ETEC), 13 (7%) come E. coli produttori di tossine Shiga (STEC) e 40 
(21%) come E. coli Necrotossici (NTEC). Una percentuale considerevole di isolati 
(70%) è risultata negativa alla ricerca dei diversi fattori di virulenza in esame, 
rientrando probabilmente a far parte della naturale microflora intestinale degli 
animali. Tre ceppi ETEC sono risultati positivi alla ricerca del gene della tossina 
termolabile lt, mentre uno stipite è risultato positivo al gene della tossina termostabile 
st. Gli isolati STEC sono risultati tutti stx e intimina-positivi. In particolare, 9 isolati 
hanno evidenziato la presenza di stx1, 3 isolati di stx2, e 1 isolato sia di stx1 che di 
stx2.  Tra questi isolati, 5 (3%) hanno mostrato anche attività emolitica. I NTEC sono 
risultati il patotipo più frequentemente isolato (21%) nei vitelli bufalini affetti da 
diarrea. Tutti i ceppi NTEC hanno mostrato positività per il gene cnf. Tra gli isolati 
NTEC, 30 stipiti hanno dato risultato positivo alla ricerca del gene cdt, e 5 isolati 
hanno mostrato positività alla famiglia delle fimbrie F17. Tutti i NTEC bufalini hanno 
esibito anche attività emolitica, come spesso accade per i NTEC di origine umana o 
animale.  
Le analisi per la ricerca di Salmonella spp. hanno individuato 49 campioni positivi 
(20% dei casi delle gastroenteriti). Tra i ceppi isolati, sono state identificate diverse 
sottospecie di S. enterica; quelle più frequenti sono risultate Typhimurium (13). I 
risultati della fagotipizzazione degli isolati di S. Typhimurium indicano una 
distribuzione variabile dei fagotipi, identificando 9 diversi profili di suscettibilità fagica, 
ovvero 1 DT1, 1 DT20, 2 DT104, 2 DT110, 1 DT194, 1 DT208, 2 U302, 2 RDNC, 
(reazione non conforme allo schema) e 1 NT (non tipizzabile).  
I risultati molecolari indicano che tutti gli isolati di  S. Typhimurium mostrano la 
presenza di avrA, ssaQ, mgtC, siiD, sopB, sspH2, stfE, ipfD, bcfC, stbD, e fimA e 
l’assenza di sopE. Altri loci erano variamente distribuiti fra i ceppi, con frequenze 
variabili fra 38-92%.Sulla base della presenza o assenza dei 24 loci inclusi nello 
studio, i 13 ceppi di S. Typhimurium sono stati suddivisi in 10 differenti genotipi 
(tabella 6); tuttavia, gli isolati con identico genotipo mostrano differente fagotipo 
suggerendo la presenza di 13 differenti ceppi. 
6 
 
Da notare in particolare che nessun ceppo di E. coli patogeno è stato isolato in 
associazione con S. Typhimurium. 
Tutti i ceppi di E. coli patogeni sono stati testati per la sensibilità a 16 antibiotici. I 
ceppi di E. coli hanno mostrato percentuali di resistenza elevate, in particolare nei 
confronti di lincomicina (MY) (98%) e penicillina (PG) (93%), mentre percentuali di 
resistenza più basse sono state osservate per gentamicina (GN) e colistina solfato 
(CT) con valori del 26% e 9%, rispettivamente. Gli isolati di E. coli patogeni hanno 
mostrato profili di multi-antibiotico-resistenza estremamente variegati, con 
combinazioni di resistenze agli antibiotici quasi tutte diverse fra loro. Nell’88% dei 
casi, infatti, hanno esibito resistenza ad almeno 4 antibiotici diversi; in particolare, il 
35% degli isolati è risultato resistente ad almeno 10 molecole antibiotiche, e di questi 
un isolato ha esibito 14 diverse resistenze. Nessun ceppo di E. coli ha mostrato un 
profilo di suscettibilità totale agli antibiotici testati.  
Per quanto riguarda i ceppi di Salmonella spp. i tassi di resistenza più elevati sono 
stati riscontrati nei confronti di sulfonamidi (SUL) e tetraciclina (TE), con valori del 
44% e 33%, rispettivamente, mentre suscettibilità totali sono state registrate nei 
confronti di cefotaxime (CEF), ciprofloxacina (CIP), colistina solfato (CT), 
enrofloxacina (ENO) e ceftazidime (CAZ). Come si può notare, il 24% degli isolati ha 
esibito resistenza ad almeno 4 molecole antibiotiche diverse. In particolare, i due 
ceppi di S. Typhimurium DT104 hanno esibito i profili str-sul-te e amp-str-sul-te, 
rispettivamente. Gli altri isolati di S. Typhimurium hanno mostrato profili variabili, da 
un numero di 7 resistenze diverse (1 isolato) a suscettibilità totali alle molecole 
testate (3 isolati).  
I risultati della caratterizzazione dei patogeni consentono di definire alcuni aspetti 
delle gastroenteriti dei  vitelli bufalini. Gli E. coli patogeni sono risultati piuttosto 
frequenti (23%). La caratterizzazione molecolare ha evidenziato i seguenti patotipi: 
ETEC (2%), STEC (7%) e NTEC (21%). In particolare, a differenza della specie 
bovina, nel vitello bufalino i ceppi ETEC sono stati rinvenuti piuttosto raramente. 
Ceppi STEC sono stati isolati nel 7% dei casi. La maggiore frequenza della tossina 
Stx1 rispetto alla Stx2 in ceppi eae-positivi è invece in accordo con quanto noto per 
la specie bovina, per la quale la Stx1 è spesso associata con ceppi eae-positivi e il 
gene eae è più frequente in ceppi STEC isolati da vitelli piuttosto che da soggetti 
adulti (Sandhu et al. 1996). I ceppi NTEC sono risultati i più frequenti nei vitelli 
bufalini affetti da gastroenterite (isolati nel 21% dei casi), e questo risultato è in 
accordo con dati riportati in letteratura relativi alla presenza di ceppi CNF-positivi sia 
in vitelli sani che diarroici (Blanco et al. 1993). La presenza diffusa di ceppi NTEC in 
vitelli bufalini e l’elevato numero dei fattori di virulenza espressi, evidenzia il potere 
patogeno di questo patotipo. Il potenziale patogeno di tutti i patotipi riscontrati in 
questo studio assume poi un peso ancora maggiore in relazione alla diffusissima 
presenza di resistenze multiple agli antibiotici (88% degli isolati di E. coli patogeni). 
Una tale frequenza risulta estremamente preoccupante in relazione alla possibilità di 
diffusione dell’antibiotico-resistenza, mediante trasferimento orizzontale del carattere 
ad altre specie microbiche, anche patogene. 
Salmonella spp. ha esibito una prevalenza significativa (20%), maggiore rispetto a 
quella riportata in passato per i vitelli bufalini (11%) (Adlakha et al. 1992). 
 La caratterizzazione fenotipica (sierotipizzazione) degli isolati di Salmonella spp. ha 
mostrato una distribuzione estremamente variabile dei sierotipi in questa specie 
animale, con una prevalenza di S. Typhimurium (26%). I ceppi di S. Typhimurium 
hanno inoltre esibito una grande variabilità nella suscettibilità fagica. Il fagotipo 
DT104, che è spesso stato associato a ceppi dotati di resistenze multiple agli 
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antibiotici con accertato potere zoonosico, non sembra essere molto diffuso nel 
bufalo. Oltretutto, nell’ambito dei profili di antibiotico resistenza, i ceppi DT104 isolati 
in questo studio hanno esibito un minor numero di resistenze rispetto ad altri fagotipi.  
I nostri dati confermano l’assenza di un sierotipo specificamente adattato al bufalo  
(Fagiolo et al. 2005) e l’elevata variabilità del sierotipo Typhimurium (Mikasowa et al. 
2005; Drahovska et al. 2007), prevalentemente correlata con i fattori di virulenza, e 
sottolineano l’alto potere discriminante delle tecniche di genotipizzazione utilizzate.  
I risultati di questo studio possono essere utili per lo sviluppo di efficaci protocolli di 
profilassi e terapia per il controllo delle infezioni dovute a E.coli e Salmonella nel 
bufalo e della possibile contaminazione della catena alimentare. La profilassi è 
importante per prevenire le infezioni. In generale la disponibilità di specifici vaccini, 
può portare ad una riduzione dell’uso di antibiotici, e di conseguenza, limitare 
l’emergenza di resistenze antimicrobiche. 
 
Tubercolosi e ruolo dei geni dei recettori Toll-like nell’immunità innata del 
Bubalus bubalis 
 
L’immunità innata svolge un ruolo cruciale nella difesa dell’ospite da microrganismi 
patogeni, entra in azione subito dopo l'inizio dell'infezione, e si attiva per la 
distruzione dei patogeni in seguito al  riconoscimento di specifici PAMPs (Pathogen 
Associated Molecular Patterns), strutture molecolari conservate e tipiche di 
microrganismi patogeni. Tale riconoscimento avviene grazie ad un sofisticato 
sistema di recettori, i recettori Toll-like (TLRs). Il legame tra il TLR e il suo ligando 
determina un segnale a cascata all’interno della cellula che produce un aumento dei 
fattori di trascrizione nucleare, responsabile a sua volta della produzione di 
specifiche citochine coinvolte nell’attivazione della risposta immunitaria (Trinchieri & 
Sher 2007).  
Si è visto che i polimorfismi dei geni TLR sono associati  alle patologie indotte dai 
micobatteri (Koets et al. 2010; Mucha et al., 2009; Sun et al., 2012; Pinedo et al., 
2009). 
I geni codificanti per i recettori toll-like presi in considerazione nella presente tesi 
sono stati il TLR2 (recettore del peptidoglicano e lipoproteine), TLR4 (recettore LPS) 
e TLR9 (recettore di DNA batterico/non self). I Toll-like receptors 2 and 4 
riconoscono i batteri inclusi i micobatteri, come riportato nei topi (Quesniaux et al. 
2004). Nei bovini le mutazioni dei toll-like receptors 2 and 4 sono state associate 
all’infezione da  Mycobacterium avium subsp. paratuberculosis (Mucha et al., 2009). 
Il Toll-like receptor 2 riconosce molecole come il peptidoglicano e l’arabinomannano, 
presenti nella parete di questi microorganismi. Nel bovino la suscettibilità all’infezione 
paratubercolare è associata con SNPs nel TLR2 (Koets et al. 2010). Il TLR4 è 
coinvolto nel riconoscimento dei lipopolisaccaridi batterici nel topo (Poltorak et al., 
1998) e nell’infezione paratubercolare nel bovino (Pinedo et al. 2009).   
Il TLR9 nei bovini è essenziale per il riconoscimento di particolari regioni del DNA 
batterico (CpG DNA) (Griebel et al. 2005), inoltre polimorfismi del TLR9 bovino sono 
stati associati alla tubercolosi (Sun et al. 2012).  
La specie bufalina è caratterizzata da 25 coppie di cromosomi (Bubalus bubalis 
2n=50) (Amaral et al. 2008), i loci dei TLRs 2 and 9 sono localizzati sul cromosoma 
17 e 21, rispettivamente, mentre il locus TLR 4 si trova sul cromosoma 3 (Mitra et al. 
2012). Il presente lavoro di tesi ha previsto la ricerca ed identificazione di 
polimorfismi in questi geni e l’analisi della loro potenziale associazione con la 
suscettibilità/resistenza genetica alla tubercolosi mediante uno studio caso-controllo.  
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I campioni analizzati derivano da 174 animali provenienti da 22 allevamenti presenti 
nella regione Campania. Per lo studio di associazione sono stati considerati come 
casi solo gli animali risultati positivi sia allo skin test che all’esame batteriologico per 
l’isolamento del Mycobacterium bovis (54 animali); sono stati invece considerati 
come controlli gli animali provenienti dagli stessi allevamenti dei casi e risultati 
negativi al test intradermico (120 animali). L’età minima dei controlli era di cinque 
anni, in modo da selezionare animali esposti al micobatterio, ma sempre risultati 
negativi al test intradermico. Per questi animali le sequenze codificanti dei tre geni 
sono state sequenziate e le sequenze ottenute sono state confrontate fra loro e con 
sequenze di riferimento presenti in GenBank (TLR2: HM756161;  TLR4: HM469969; 
TLR9: HQ242778). Si è proceduto, successivamente alla ricostruzione degli aplotipi. 
La distribuzione degli alleli e degli aplotipi rilevati è stata analizzata mediante uno 
studio caso-controllo, al fine di verificare eventuali correlazioni significative con la 
malattia tubercolare. 
L’analisi effettuata sulle sequenze dei geni dei TLRs bufalini ha permesso di 
identificare 18 SNP (single nucleotide polymorphism) nel TLR2, 9 SNP nel TLR4 e 2 
nel TLR9.  
Lo studio caso-controllo effettuato sui polimorfismi identificati nei tre geni ha 
evidenziato la presenza di associazione per quattro di questi siti polimorfici con 
l’infezione tubercolare. Per quanto riguarda il TLR2, al sito polimorfico  381 A>G, il 
genotipo GG è risultato associato alla suscettibilità alla malattia (O.R. 52,25 I.C. 6,75 
+ 404,57), mentre il il genotipo eterozigote AG è risultato associato alla resistenza 
alla tubercolosi (O.R. 0,06 I.C. 0,01 + 0,25). Nel sito polimorfico  2064 T>C il genotipo 
TT è risultato associato alla suscettibilità alla malattia (O.R. 48,5 I.C. 10,88 + 216,26), 
mentre il genotipo omozigote opposto CC (O.R. 0,04 I.C. 0,01 + 0,13) è risultato 
associato alla resistenza alla tubercolosi, costituendo un fattore protettivo nei 
confronti di tale patologia. La ricostruzione aplotipica eseguita, che determina la 
combinazione degli alleli sul singolo cromosoma, ha messo in evidenza la presenza 
di un aplotipo di TLR2 associato alla  resistenza alla patologia. Nel  TLR4 il genotipo 
CC del sito polimorfico 672 A>C è risultato associato alla resistenza alla tubercolosi 
(O.R. 0,28  I.C. 0,10 + 0,76), ma in questo caso nessuno degli aplotipi ottenuti ha 
mostrato un’associazione significativa. Nel  TLR9 l’analisi rivela un sito polimorfico 
(2340 C>T) che presenta il genotipo C/C  (O.R. 0,33  I.C. 0,11 + 0,92) associato alla 
resistenza alla tubercolosi, ma anche in questo caso nessuno degli aplotipi ottenuti 




I risultati riportati in questo studio riguardo ai patogeni gastrointestinali del bufalo 
confermano l’ampia e variegata presenza di ceppi diversi di patogeni in vitelli bufalini 
affetti da gastroenterite, è quindi sempre necessario effettuare l’indagine su più 
soggetti della stessa azienda, in modo da ottenere un quadro completo dei ceppi 
patogeni presenti in allevamento ai fini di una corretta diagnosi e di un’efficace 
terapia. Quest’ultima non può non tener conto dell’antibiotico-resistenza mostrata in 
particolar modo da E. coli e, in minor misura, da Salmonella spp. 
La diffusa presenza di differenti ceppi patogeni, la capacità di resistenza agli 
antimicrobici, nonché la capacità di sopravvivenza ambientale di molti degli agenti 
eziologici studiati portano a concludere che occorre investire molto in termini di 
prevenzione. Questa deve basarsi sull’impiego di idonee procedure di pulizia, igiene 
e disinfezione ambientale. Inoltre, di fondamentale importanza risulta la profilassi 
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immunizzante basata soprattutto sull’utilizzo di specifici vaccini stabulogeni, data la 
peculiarità di molti degli agenti patogeni messi in evidenza. Infine, considerata la 
valenza zoonosica di alcuni di essi, l’applicazione di efficaci misure di biocontrollo 
determina un indubbio vantaggio in termini di sanità pubblica conseguente alla 
riduzione del rischio di contaminazione dei prodotti di filiera e dell’ambiente di 
allevamento. 
Riguardo ai risultati relativi allo studio sulla resistenza/suscettibilità alla malattia, 
l’analisi effettuata sulle sequenze dei geni dei TLRs bufalini ha permesso di 
identificare 18 SNPs (single nucleotide polymorphisms) e lo studio caso-controllo 
effettuato su questi polimorfismi ha evidenziato la presenza di associazione per 
alcuni di essi con l’infezione tubercolare. Un aspetto interessante risiede nel fatto che 
tutti gli SNPs per cui l’analisi statistica ha verificato un’associazione alla malattia 
siano SNPs sinonimi. Sebbene questo tipo di mutazioni non impattino di norma sulla 
suscettibilità/resistenza alla malattia, essendo ininfluenti sulla composizione 
aminoacidica della proteina codificata, diversi studi (Sauna et al. 2007; Chamarye & 
Hurst 2009) hanno dimostrato che anche questi polimorfismi possono avere effetti su 
alcuni dei più importanti processi che regolano la sintesi delle proteine e di 
conseguenza sul fenotipo. Per quanto riguarda i meccanismi in cui queste mutazioni 
potrebbero essere coinvolte, si è visto che possono interferire con la sintesi proteica, 
essendo alcune triplette tradotte preferenzialmente, lo splicing, la stabilità dell’mRNA, 
l’affinità per le proteine regolatrici. 
Un’ipotesi alternativa al coinvolgimento diretto di queste mutazioni è che una o più 
mutazioni non sia direttamente correlata alla resistenza/suscettibilità, ma sia in 
linkage con altre mutazioni funzionali non ancora identificate, sullo stesso 
cromosoma. 
I dati che vengono riportati indicano che i polimorfismi dei geni convolti nella risposta 
immunitaria alla tubercolosi nel bufalo (Bubalus bubalis), possono avere un ruolo 
nella risposta dell’ospite a questa patologia. Studi successivi saranno necessari per 
comprendere il meccanismo d’azione dei polimorfismi identificati. La selezione 
genetica, come mezzo per aumentare la frequenza dei geni di resistenza nell’ambito 
di un allevamento è un approccio emergente che potrebbe avere un impatto positivo 
sull’economia dell’industria lattiero casearia e contribuire a cambiare la cultura del 










































































The Mediterranean water buffalo (Bubalus bubalis Fig. 2) is one of the most 
important livestock species bred in Italy and particularly in Southern Italy. Its 
economic importance is due to the production of the worldwide famous mozzarella 
cheese (Mozzarella di Bufala Campana). 
Among the major pathogens with zoonotic potential affecting water buffalo species a 
crucial role is played by Escherichia coli and Salmonella spp., responsible for 
gastrointestinal diseases and Mycobacterium bovis causing tuberculosis.  
The mozzarella cheese specifications allow the use of raw milk (Coppola et al. 1988). 
It is therefore mandatory the use of milk collected from brucellosis and tuberculosis 
free herds. Tuberculosis causes serious economic losses in the livestock industry, 
this disease has not yet been eradicated and actually there is an increase of new 
cases. The prophylaxis for gastrointestinal pathogens requires strict hygienic 
measures and allows the use of specific vaccines. By contrast, for Mycobacterium 
bovis the Italian National Program for the tuberculosis control and eradication, 
prohibits vaccination. In particular, the Italian National Plan imposes culling of all the 
subjects positive to the delayed hypersensitivity test (skin test) and after animal 
slaughtering, microbiological processing of the lymphoid tissue for isolation of 
Mycobacterium bovis (OIE, 2013). 
In this context the gastrointestinal pathogens were studied to well characterize them 
and allow the production of effective autogenous vaccines, while for tuberculosis a 
molecular characterization of host genes (Bubalus bubalis toll-like receptor 2, toll-like 
receptor 4, toll-like receptor 9) has been performed. Indeed the genetic variation 
within the host may play a crucial role in the immunity to infections and the 
consequent resistance or susceptibility to disease, and selective breeding for 
disease-resistant genotypes is an emerging approach for the disease control (Adams 
& Templeton 1998; Bishop & MacKenzie 2003). The role of genes in protection also 
against bacterial infections previously shown in water buffalo (Borriello et al. 2006, 
Capparelli et al. 2007) prompted the search for polymorphisms conferring resistance 
to mycobacterial infection in this species. 
The genetic selection, as a mean to increase the frequency of genes providing 
resistance to infection diseases, may have a positive impact on the economics of 
dairy industry and contribute to change the culture of animal health control by 
slaughter. 
 
1.1 Gastrointestinal pathogens  
 
High mortality rates in water buffalo calves 1-4 weeks old are caused by gastro-
enteric pathologies primarily characterized by diarrhea. 
Water buffalo calves are more frequently affected by gastroenteritis than bovine 
calves, with mortality rates as high as 70% in water buffalo species vs. 50% in bovine 
species (Fagiolo et al. 2005; Foster & Smith 2009). This difference might be due to a 
greater susceptibility of water buffalo to gastroenteric pathogens, although it also 
may reflect the lack of appropriate management practices for this animal species. 
Therefore, water buffalo represents a suitable model to study causative agents of 
gastroenteritis. 
The spread of such pathogens among domestic ruminant herds might cause 
additional concern related to the emergence and dissemination of antibiotic resistant 
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bacteria in response to the wide use of antimicrobial molecules to address infectious 
diseases in young animals (van den Bogaard and Stobberingh, 2000).   
The main etiological agents are Escherichia coli, Salmonella spp., Clostridium 
perfringens, rotavirus, coronavirus, and Cryptosporidium spp. Among these 
pathogens, a predominant role is played by E. coli and Salmonella spp., alone or in 
combination with other microrganisms. These etiological agents are responsible for 
serious economic losses in livestock and are zoonotic agent responsible for 
foodborne illness (Fagiolo et al., 2005). 
Escherichia coli infections can be caused both in humans and animals by different 
pathovars, most frequently identified as enterotoxigenic E. coli (ETEC), Shiga-toxin 
producing E. coli (STEC) and enteropathogenic E. coli (EPEC). These pathovars can 
induce a variety of diseases, such as diarrhea, haemorrhagic colitis, and extra 
intestinal infections (Croxen and Finlay, 2010).  Their pathogenic mechanisms can be 
attributed to different virulence factors including enterotoxins and colonization factors 
such as flagella, fimbriae, capsule, lipopolysacchride and adhesins (Croxen and 
Finlay, 2010; Gyles and Fairbrother, 2010).  In addition, other pathovars such as 
necrotoxigenic E. coli (NTEC) can often be isolated from extra intestinal infections, 
and are found to possess a cytotoxic necrotizing factor (CNF), as well as a cytolethal 
distending toxin (CDT). Some or all of these pathovars can also express other 
virulence factors such as intimin, encoded by the eae gene (Croxen and Finlay, 
2010), and haemolysins, acting as pore-forming cytolysins on eukaryotic target cells 
(Mainil and Daube, 2005). 
Salmonella-induced diseases, in water buffalo calves as for bovine calves, are 
characterized by severe gastrointestinal lesions, profuse diarrhea, and severe 
dehydration (Fagiolo et al., 2005). Acute salmonellosis generally induces diarrhea, 
mucous at first, later becoming bloody and fibrinous, often containing epithelial casts. 
Ingestion is the main route of infection, although it can also occur through the 
mucosa of the upper respiratory tract and conjunctiva. The major source of infection 
in the herd is represented by asymptomatic older animals shedding heavy loads of 
bacteria through feces. Other sources of infection are contaminated forages and 
water, as well as rodents, wild winged animals, insects and man (Fagiolo et al., 2005; 
Quinn et al. 2011). The disease can also cause sudden death without symptoms. 
Occasionally, the infection is systemic, affecting joints, lungs and/or the central 
nervous system (CNS). Moreover, several Salmonella serovars seem to be able to 
infect water buffalo, mainly affecting 1-12 week old calves, even though reports on 
salmonellosis in B. bubalis are scarce (Fagiolo et al., 2005; Adlakha & Sharma 
1992). 
In water buffalo, S. enterica serovar Typhimurium can induce a variety of clinical 
syndromes with different anatomopathological lesions (Fagiolo et al., 2005; Adlakha 
& Sharma 1992). The severity of the disease can depend on several factors, 
including host-pathogen interactions, which is highly influenced by the route of 
infection, the infectious dose, natural or acquired host resistance factors, and the 
possible presence of other pathogens. Moreover, specific Salmonella virulence 
factors, frequently located on Salmonella pathogenicity islands (SPIs), prophage 
regions or virulence plasmids, play a key role in the pathogenesis of the 






1.2 Tuberculosis and role of TLR gene in the Bubalus bubalis innate 
immunity 
 
Tuberculosis is a chronic bacterial disease of Bubalus bubalis resulting from infection 
by Mycobacterium bovis, a Gram positive, acid–fast bacterium. This disease can 
spread easily to humans typically by the inhalation of aerosol, ingestion of 
unpasteurized milk or through breaks in the skin. In developed countries, eradication 
programs have reduced or eliminated tuberculosis in livestock animals, and human 
diseases is now rare; however, reservoirs in wildlife can make complete eradication 
difficult. Tuberculosis is usually a chronic debilitating diseases but it can be acute and 
rapidly progressive. Early infection are often asymptomatic, in late stage, common 
symptoms include progressive emaciation, a low-grade fluctuating fever, weakness, 
inappetence and acute respiratory distress.  
Animals exposed to M. bovis can become infected and develop disease or may have 
the ability either to clear the bacteria effectively or control them, possibly in a 
condition of latency. This concept has significant implications for disease control and 
eradication programmes. Among skin test positive animals, there might be a 
proportion in which tuberculous pathology or M. bovis may never be detected at 
either abattoir inspection or on laboratory examination. Such animals are a 
considerable number of animals slaughtered without tuberculous lesions being 
detected (Pollock & Neill 2002). 
Studies that lead to a characterization of the immune responses of buffalo that have 
been exposed to M. bovis, without developing diseases, should provides important 
knowledge. Detailed study of this category of animal may well improve understanding 
of protective immunity.  
Microbial infection initiates complex interactions between the pathogen and the host. 
Pathogens express several signal molecules, known as pathogen-associated 
molecular patterns (PAMPs), which are essential for survival and pathogenicity. 
Recognition of PAMPs triggers an array of anti-microbial immune responses through 
the induction of various inflammatory cytokines (Trinchieri & Sher 2007). 
Toll-like receptors (TLRs) (Fig. 3) are transmembrane proteins that play a key role in 
innate immunity by recognizing pathogens and subsequently activating appropriate 
responses (Fig. 4) (Akira et al. 2001; Takeuchi & Akira 2001; Takeda & Akira 2004).  
The mechanisms by which the recognition of Toll-like receptor (TLR) ligands leads to 
host immunity remain poorly defined. It is now thought that in order to induce an 
effective immune response, microorganisms must stimulate complex sets of pattern-
recognition receptors (PRR), both within and outside of the TLR family. The 
combined activation of these different receptors can result in complementary, 
synergistic or antagonistic effects that modulate innate and adaptive immunity. 
Therefore, a complete understanding of the role of TLRs in host resistance to 
infection requires 'decoding' of these multiple receptor interactions.  
Toll-like receptor (TLR) signalling involves not only nuclear factor-κB (NF-κB) 
activation, but also mitogen-activated protein kinases, phosphatidylinositol 3-kinase 
and several other pathways that markedly affect the overall biological response to the 
activation of TLRs.  
Mammalian Toll-like receptors (TLRs) are a family of at least 12 membrane proteins 
that trigger innate immune responses through nuclear factor-κB (NF-κB)-dependent 
and interferon (IFN)-regulatory factor (IRF)-dependent signalling pathways (Akira et 
al. 2006) TLRs are evolutionarily conserved molecules and were originally identified 
in vertebrates on the basis of their homology with Toll, a molecule that stimulates the 
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production of antimicrobial proteins in Drosophila melanogaster (Lemaitre 2004;  
Medzhitov et al. 1997). 
 It is of note that Toll was functionally defined on the basis of its crucial role in 
determining the resistance of D. melanogaster to infection with fungi and Gram-
positive bacteria (Lemaitre 2004) . By contrast, mammalian TLRs have been 
functionally characterized and distinguished mainly on the basis of their stimulation 
by different ligands in vitro. Moreover mice that are deficient in a single TLR rarely 
show the extreme susceptibility to pathogenic infection that was originally observed 
in D. melanogaster with a functional deletion of Toll (Fritz & Girardin 2005). These 
considerations have led to questions concerning whether the role of Toll in host 
resistance to infection in D. melanogaster is comparable to the role of TLRs in 
mammalian immune defence, and the functional significance of TLR diversification in 
vertebrate hosts. The TLR-family members are pattern-recognition receptors (PRRs) 
that collectively recognize lipid, carbohydrate, peptide and nucleic-acid structures 
that are broadly expressed by different groups of microorganisms. Some TLRs are 
expressed at the cell surface, whereas others are expressed on the membrane of 
endocytic vesicles or other intracellular organelles. TLRs are composed of an 
ectodomain of leucine-rich repeats (LRRs), which are involved directly or through 
accessory molecules in ligand binding, and a cytoplasmic Toll/interleukin-1 (IL-1) 
receptor (TIR) domain that interacts with TIR-domain-containing adaptor molecules  
(Takeda et al. 2003). The structural basis of ligand binding by TLRs is poorly 
understood and several unexpected crossspecificities (for example, the recognition 
by TLR9 of both CpG-containing oligodeoxynucleotides (ODNs) and malaria 
haemozoin) have been described. The early hypothesis that individual TLRs might 
have evolved to recognize distinct phylogenetic groups of pathogens has been 
mainly abandoned because of the well-documented, broad recognition of microbial 
products (both pathogenic and non-pathogenic) belonging to diverse species and 
phyla by many of the TLRs. In addition, the recognition of endogenous ligands by 
TLRs is now thought to have an important role in the regulation of inflammation, both 
in infectious and non-infectious diseases. However, the precise identification of these 
endogenous ligands has remained controversial because of their possible 
contamination with microbial products. The function of TLRs is further diversified by 
the different signalling pathways that can be induced by ligand interaction (Akira et al. 
2006).  
Toll-like receptors (TLRs) are characterized by an extracellular N-terminal domain 
constituted by 16 to 28 leucine rich repeats (LRR) involved in ligand recognition (Wei 
et al. 2009), and an intracellular C-terminal domain known as the toll/IL-1 receptor 
(TIR) domain, required for the interaction and recruitment of various adaptor 
molecules to activate the downstream signalling pathways (Medzhitov 2001). Their 
polymorphisms have been associated with high susceptibility to mycobacteria, the 
causative agent of bovine tuberculosis (Koets et al. 2010; Mucha et al., 2009; Sun et 
al., 2012; Pinedo et al., 2009). Toll-like receptors 2 and 4 mediate their effects by 
recognizing bacteria, including mycobacteria, their sensitivity to mycobacterial 
antigens has been reported in mice (Quesniaux et al. 2004). In cattle, toll-like 
receptors 2 and 4 gene mutations were found to be associated to Mycobacterium 
avium subsp. paratuberculosis infection (Mucha et al., 2009).  
Toll-like receptor 2 is sensitive to peptidoglycan and to lipoarabinomannan molecules 
present in the cell wall of these microorganisms. In cattle susceptibility to 
paratuberculosis infection is associated with SNPs in TLR2 gene (Koets et al. 2010). 
Toll-like receptor 4 is involved in bacterial lipopolysaccharide recognition in mice 
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(Poltorak et al., 1998) and in paratuberculosis infection in cattle (Pinedo et al. 2009). 
Bovine toll-like receptor 9 is essential for responses to bacterial DNA and in particular 
to unmethylated CpG dinucleotide (CpG DNA) (Griebel et al. 2005), in Chinese 
Holstein cattle, polymorphsm in TLR9 genes were found to be associated to 
tuberculosis susceptibility (Sun et al. 2012).  
In the river buffalo, each cell contains 25 chromosome pairs (Bubalus bubalis 2n=50) 
(Amaral et al. 2008), the TLRs 2 and 9 loci are localized on chromosome 17 and 21, 
respectively, while the TLR 4 locus is located on chromosome 3 (Mitra et al. 2012). 
 
1.3  Aims 
 
The objectives of the current study were to performe (I) a molecular characterization 
of the virulence factors of E. coli and Salmonella spp. and (II) a molecular 
characterization of genes involved in the immune response of water buffalo.  
In the first part of the study the intestinal contents were investigated in water buffalo 
calves, affected by severe diarrhea with a lethal outcome for the presence of the 
pathogens E. coli and Salmonella spp. Pathogenic E. coli strains were isolated and 
characterized for the presence of the main virulence factors and for haemolytic 
activity. Salmonella spp. strains were isolated and characterized by serotyping, 
phage-typing and presence of virulence factors. The E. coli and Salmonella isolates 
were further characterized for the resistance to 16 antibiotics. 
In the second part of the thesis a case-control study was performed to characterize 
the distribution of polymorphisms in three bubaline candidate genes (toll-like 
receptor 2, toll-like receptor 4, toll-like receptor 9) and to test their role as potential 
















































































2. MATERIALS AND METHODS  
 
2.1 Genetic characterization of bubaline gastrointestinal pathogens 
 
Escherichia coli and Salmonella spp. characterization was carried out using samples 
taken from 248 water buffalo calves, bred in 25 different farms located in the 
Campania region during the years 2009-2010. The animals were aged between 1-4 
weeks old and were all affected by gastroenteritis with lethal outcome.They were 
sent to the Istituto Zooprofilattico Sperimentale del Mezzogiorno for post-mortem 
analysis. During necropsy, the intestinal lesions were evaluated and pools of fecal 
material from small and large intestines were aseptically collected, kept at 4°C and 
within 24 hours, processed for the detection of E. coli and Salmonella spp. 
 
2.1.1 Escherichia coli 
 
Fecal samples (10 g) for E. coli isolation were homogenized and serially diluted in 
saline peptone water, plated onto MacConkey’s agar (Oxoid, Hampshire, UK) and 
incubated overnight at 37°C. E. coli was considered as plausibly related to the 
diarrhoeic syndrome only when exhibiting a concentration of at least 108 CFU/g of 
intestinal content (Acres, 1985), and the corresponding samples were therefore 




All the E. coli isolates were screened by PCR for the presence of the genes encoding 
for specific virulence factors: Shiga toxin (stx1, stx2), cytotoxic necrotizing factors 
(CNF), cytolethal distending toxin (CDT), eae (intimin), heat-stable (ST) and heat-
labile (LT) enterotoxin, F17 (fimbriae) (Tab. 1). Bacterial DNA was extracted by boiling 
a single colony suspended in 100 µl of water at 100°C for 10 min and pelleting 
cellular debris. DNA amplification was performed in a final reaction volume of 50 µl 
containing 10 µl of template DNA, reaction buffer 1X, MgCl2 1.2 mM, dNTPs 0.2 mM 
each, 50 pmol of each primer, 2U of Taq polymerase (Roche Diagnostics, Basel, 
Switzerland). Primers and PCR conditions for each amplification are summarized in 
Table 1. PCR products were resolved by electrophoresis on 2% agarose gels and 
visualized under UV light after ethidium bromide staining.  
 
2.1.1.2 Haemolysis test 
 
Haemolysin production was evaluated based on the method by Beutin et al. (1989) 
by inoculation of bacterial strains onto blood agar base (Difco Laboratories, Detroit, 
MI) supplemented with 10 mM CaCl2 and sheep blood cells (Oxoid) washed with 
PBS. The plates were incubated at 37°C and observed for haemolysis after 24 h (Fig. 
1). 
 
2.1.2 Salmonella spp. 
 
The isolation of Salmonella spp. was performed according to the ISO 6579:2002. The 
isolated Salmonella spp. were serotyped according to the Kaufmann-White scheme 
(Grimont & Weill 2007). Phage-typing of the isolated S. Typhimurium strains was 
performed by the Italian National Reference Centre for Salmonellosis (Istituto 
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Zooprofilattico Sperimentale delle Venezie) according to the protocol of the 
International Phage-typing Reference Laboratory (Health Protection Agency, London, 
UK). Salmonella strains within a particular serovar may be differentiated into a 
number of phage types by their pattern of susceptibility to lysis by a set of phages 
with different specificity. Test strain from the culture was inoculated into a test tube 
containing 4 mls of double strength Difco nutrient broth and the inoculated broth 
tubes was incubated on a horizontal shaker at 37°C for 1-1.5 hours and was 
incubated at 37°C without agitation for 1.25 hours. The broth culture was flooded 
over the surface of a dried Difco nutrient agar plate.  When the surface of the nutrient 
agar plate is dry, the appropriate typing phages was applied at routine test dilution 
(RTD) to the dried surface. When the phage spots were dried, the Difco nutrient agar 
plates were incubated inverted at 37°C for 5-18 hours. The phage typing plates were 
removed from the incubator and the phage reactions were read using a x10 aplanat 
hand lens (or alternative methods of magnification) through the bottom of the plates 
using both direct and oblique illumination. The susceptible phage regions will show a 





Bacterial DNA was extracted from 1 ml of overnight cultures using Chelex 100 Resin 
(BioRad, Hercules, CA) and used as the template for the PCR. S. Typhimurium 
strains were characterized by the molecular detection of 24 genes coding for 
virulence factors. The genetic characterization (Table 2) included six sites (invA, 
avrA, ssaQ, mgtC, siiD, and sopB) located on the Salmonella Pathogenicity Island 
(SPI) 1-5, respectively (Huen et al.2009), eight sites (gipA, gtgB, sopE, sodC1, gtgE, 
gogB, sspH1, and sspH2) of prophage origin (Mikasowa et al. 2005; Chiu & Ou 1996; 
Hopkins& Threlfall 2004), the gene spvC, located on a virulence plasmid (Chiu & Ou 
1996), and nine genes (stfE, safC, csgA, ipfD, bcfC, stbD, pefA, fimA, and agfA) 
coding for bacterial fimbriae, involved in surface adhesion and gut colonization 
(Barrow et al. 2010). The primers used to amplify the genes sspH1, sspH2, ssaQ, 
sopB, siiD, stfE, safC, csgA, ipfD, bcfC, stbD, and fimA were designed using the 
Primer3 software (version 0.4.0; http://frodo.wi.mit.edu/), and PCR was performed in 
a final volume of 25 µL containing HotStar Taq Master Mix (Qiagen, Valencia, CA) 
1×, 0.4 µM each primer and 1 µL of extracted DNA. The thermal profile included an 
initial denaturation step at 95 °C for 15 min, followed by 35 cycles at 95 °C for 30 s, 
58 °C for 30 s, and 72 °C for 1 min, and a final extension step at 72 °C for 5 min. 
Amplification products were visualized under ultraviolet (UV) light after 
electrophoresis on 2% agarose gels and visualized under UV light after ethidium 
bromide staining. 
 
2.1.2.2 E. coli and Salmonella antimicrobial resistance 
 
Antimicrobial susceptibilities of all the E. coli and Salmonella spp. isolated were 
determined by the agar disk diffusion method on Mueller-Hinton Agar (Oxoid) 
according to Clinical and Laboratory Standards Institute guidelines (CLSI, 2008).  
The E. coli isolates were assayed for susceptibility to the following 16 antimicrobials: 
nalidixic acid (Na) – 30 μg, amoxicillin (Amc) – 10 μg, amoxicillin/clavulanic acid 
(Amcl) - 30μg, ampicillin (Amp) – 10 μg, apramicin (Apr) – 15 μg, colistin sulphate 
(Ct) - 10μg, enrofloxacin (Enr) - 5μg, flumequin (flu) – 30 μg, gentamicin (Cn) - 10μg, 
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neomycin (N) –30μg, ossitetracycline (Ot)–30μg, sulphamethoxazole/trimethoprim 
(Sxt) - 25μg, tetracycline (Te) – 15 μg, penicillin.(Pg)– 15 μg, marbofloxacin (Mafl) – 
15 μg, lincomicin (My) – 15 μg. 
The Salmonella spp. isolates were assayed for susceptibility to the following 16 
antimicrobials: nalidixic acid (Na) – 30 μg, ampicillin (Amp) – 10 μg, cefotaxime (cef) 
– 15 μg, ciprofloxacine (cip) – 15 μg, chloramphenicol (clo) – 15 μg, gentamicin (Cn) 
- 10μg, kanamycin (kan) – 15 μg, streptomycin (str) – 15 μg, sulfonamide (sul) – 15 
μg, tetracycline (te) – 15 μg, sulphamethoxazole/trimethoprim (Sxt) - 25μg, colistin 
sulphate (Ct) - 10μg, amoxicillin/clavulanic acid (Amc) - 30μg, enrofloxacin (Enr) - 
5μg, cephalotin – 15 μg, ceftazidime (caz) – 15 μg. 
Inhibition diameters were measured and interpreted as resistant, intermediate or 
susceptible according to CLSI guidelines (CLSI, 2008). 
 
2.2 Genetic characterization of Bubalus bubalis toll-like receptor genes 
 
2.2.1 Study design  
 
The genetic association was studied by means of a case-control approach on 174 
water buffaloes from 22 herds in the Campania region. Samples collection was 
performed within the Italian National Plan for the tuberculosis control, based on a 
test-and-slaughter approach. Our analyses, performed during the period 2009-2011, 
exhibited the presence of 54 animals positive to both intradermal TB test and M. 
bovis microbiological isolation. These 54 animals were therefore classified as cases 
for the case-control study. The choice of the microbiological test to confirm cases 
identification was considered in order to exclude the possibility of false-positive 
subjects diagnosed by the delayed hypersensitivity test. The control subjects were 
collected among the animals which tested negative to repeated intradermal TB tests 
(at least three tests) during the entire period of the study. The control animals were at 
least five years-old, and were born and raised in the same herds of cases to ensure 
an equal level of exposure to infection.  
 
2.2.2 Sample size calculation 
 
The size of the control group was estimated based on a prevalence of the infection of 
15%. An odds ratio value of 2.0 was established as a threshold for significance, with 
a ratio for cases and controls of 1:2 (power = 80%, confidence = 95%) (Pinedo et al., 
2009). Based on these parameters, with an imposed number of cases (54), the 
required number of controls was 108 for a one-tailed analysis. The present case-
control study therefore included 54 cases and 120 controls. 
 
2.2.3 Protocol of sample analysis  
 
DNA was extracted from blood (control animals) and lymph node (cases) samples 
using the QIAamp DNA mini kit (Qiagen, Hilden, Germany) according to the 
manufacturer’s protocol. PCR primers for amplification of the CDS of the genes 
TLR2, TLR4 and TLR9 are shown in table 3, where Tann is the annealing 
temperature specifically indicated for each primers pair. The TLR2 coding sequence 
was amplified using two primer pairs according to the following touchdown PCR 
protocol: initial step of 7 cycles of 1 min at 95°C, 1 min at 65°C (decreasing by 1°C 
after each cycle), 1 min 30 s at 72°C, followed by 35 cycles of 1 min at 95°C, 1 min 
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at 58°C, 1 min 30 s with a final extension of 10 min at 72°C. The TLR4 CDS was 
amplified using four primers sets with the following thermal profile: 35 cycles of 30 s 
at 95°C, 30 s at Tann and 45 s at 72°C, with a final extension of 10 min at 72°C. The 
TLR9 CDS was amplified using six primer sets with the following thermal profile: 5 
cycles of 30 s at 95°C, 20 s at 60°C, and 15 s at 72°C followed by 30 additional 
cycles of 20 s at 95°C, 20 s at Tann, and 30 s at 72°C, with a final extension of 10 
min at 72°C. All thermal profiles included an initial step at 95°C for 15 min for Taq 
DNA polymerase activation. The reaction mixture included 5 ng/μl of genomic DNA, 
0.5 μM each primer (forward and reverse), 1X HotStar Taq Master Mix (Qiagen) in a 
final volume of 25 μl. Amplicons were purified (QiaQuick purification kit, Qiagen), bi-
directionally sequenced using the Big Dye Terminator cycle sequencing kit v.1.1 or 
v.3.1 (Life Technologies) and purified using the DyeEx spin kit (Qiagen). Samples (5 
μl) were denatured with 10 μl of Hi-Di formamide (Life Technologies) at 95°C for 5 
min, and separated by capillary electrophoresis on either ABI PRISM 310 or 3130 
sequencers (Life Technologies). Sequencing data were manually inspected by the 
Sequencing Analysis software v5.4 (Life Technologies).  
 
2.2.4 SNP selection and genotyping  
 
For the same DNA region, each forward and reverse sequence obtained from a 
single DNA sample was aligned with the sequences obtained from all the other 
samples. In order to generate a consensus sequence and to identify polymorphisms 
among the samples, the sequences were analyzed for multiple alignment using 
BioEdit v.7.1.3 (Hall, T.A. 1999) and SeqManII 5.00 software (DNASTAR Inc.) (Fig. 8 
and 9).  In addition the obtained water buffalo sequences of the TLR2, TLR4 and 
TLR9 genes were also aligned with the sequences publicly available in GenBank: 
accession HM756161 (Toll-like receptor 2 gene, complete cds),  accessions 
JN786600 (Toll-like receptor 4 gene, complete cds), and accession HQ242778 (Toll-
like receptor 9 gene, complete cds).  
 
2.2.5 Genetic association analysis 
 
Genotype frequencies were tested for deviation from Hardy-Weinberg equilibrium 
(HWE) by using the Chi-square test (χ2).  
Odds Ratios (OR) for associated genotypes comparing infected versus healthy 
animals were calculated with a 95% confidence interval (CI) and P-values of the chi-
squared test of independence (χ2) for the association of SNPs were calculated for 
this genetic model by using Vassarstat software (Richard Lowry, 
http://faculty.vassar.edu/lowry/VassarStats.html).  
Haplotype reconstruction was performed by means of PHASE software, version 2.1 












3. RESULTS  
 
3.1 Genetic characterization of bubaline gastrointestinal pathogens  
 
3.1.1 E. coli 
 
Our study carried out on 248 buffalo calves indicated the presence of 188 (76%) E. 
coli positive samples. The collected E. coli isolates were tested by phenotypic and 
molecular analyses for the identification of ETEC, STEC and NTEC. As a result of 
the molecular screening for virulence factors 57 isolates were identified as positive: 4 
ETEC, 13 STEC and 40 NTEC (Tab. 4). A considerable number (131) of isolates did 
not harbour the virulence factors investigated and were most probably part of the 
gut’s natural commensal microflora.  
Three of the ETEC isolates could produce LT, but were negative to ST detection and 
only one isolate could produce ST. The STEC isolates were all Stx and intimin-
positive. In particular 9 isolates were Stx1-positive, 3 isolates were Stx2-positive, and 
1 isolate was positive to both Stx1 and Stx2. Among these isolates, 5 (3%) also 
exhibited haemolytic activity (hly) (figure 9) as shown in the Table 4. 
NTEC was the most prevalent pathovar among diarrhoeic water buffalo calves. All 
the NTEC strains could produce CNF and hly (haemolysin). Among CNF positive 
NTEC, 30 isolates had the cdt gene, and 5 isolates produced one of the F17-related 
fimbriae. 
All the E. coli isolates were tested for susceptibility to 16 antimicrobials among those 
most commonly used in veterinary medicine (table 5). They were all characterized by 
multi-drug resistance profiles. High rates of resistance were observed for lincomycin 
(my) (98%) and penicillin (pg) (93%), while the lowest resistance rates were exhibited 
for gentamicin (gn), and colistin sulphate (ct) with resistance percentages of 26% and 
9%, respectively. 
 
3.1.2 Salmonella spp. 
 
Salmonella spp. were isolated from ~ 20% (49 positive samples) of the intestinal 
contents collected from water buffalo calves affected by gastroenteritis with lethal 
outcome. The S. enterica serovars most frequently isolated were Typhimurium 
(n=13), Muenster (n=5) and Give (n=5). The diagnostic investigation indicated that 
remarkably S. Typhimurium was never associated with pathogenic E. coli.  
Phage-typing of the S. Typhimurium (table 6) that was performed by the Italian 
National Reference Centre for Salmonellosis (Istituto Zooprofilattico Sperimentale 
delle Venezie), indicated a variable distribution among strains with nine different 
phage types: 1 DT1, 1 DT20, 2 DT104, 2 DT110, 1 DT194, 1 DT208, 2 U302, 2 
RDNC (nonstandard reaction) and 1 NT (impossible to do the phage type). 
The molecular results indicated that all the S. Typhimurium isolates displayed the 
presence of avrA, ssaQ, mgtC, siiD, sopB, sspH2, stfE, ipfD, bcfC, stbD, and fimA 
genes, and the absence of the sopE gene, therefore these genes can’t be useful to 
discriminate amog the nine different phage types.  By contrast other 11 loci were 
variably distributed among the strains, with frequency values ranging from 38-92% 
(table 6). Using these loci 10 different genotypes (virulotypes) were identified that 
present the following differences in the virulence genes: genotype 1 (gtgB, gogB, 
sspH1, sodC1, gtgE, spvC, safC, csgA, pefA);  genotype 2 (gtgB, gogB, sspH1, 
sodC1, gtgE, spvC, safC, csgA, pefA, agfA); genotype 3 (sspH1, csgA); genotype 4 
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(gipA, gtgB, gogB, sspH1, sodC1, gtgE, safC, csgA); genotype 5 (gtgB, gogB, 
sodC1, gtgE, spvC, safC, csgA, pefA); genotype 6 (gtgB, gogB, sodC1, gtgE, spvC, 
safC, csgA, agfA); genotype 7 (gipA, gtgB, gogB, sodC1, gtgE, safC); genotype 8 
(gipA, gtgB, gogB, sspH1, gtgE, safC, csgA, agfA); genotype 9 (gipA, gtgB, gogB, 
sspH1, gtgE, spvC, safC, csgA, agfA); genotype 10 (gipA, gtgB, gogB, sspH1, gtgE, 
safC, csgA, agfA);    
The virulotyping of the S. Typhimurium strains, based on the presence or absence of 
the 24 loci included in this study, showed 10 different genotypes and the phage-
typing displayed nine different phage types. The majority of the different strains 
showed different virulotype and phage types, but it is important to highlight that 
different phage type showed identical genotype (e.g. phage type DT104 and U302 
both exhibit genotype 5), and also that in some cases different genotypes showed 
identical phage type (e.g. genotype 2 and genotype 5 both display phage type 
DT104). Using both techniques, phage-typing and virulotyping, 13 different strains 
were better characterized and discriminated. 
High rates of resistance were observed for sulphonamide (sul) (44%) and tetracycline 
(te) (33%), while the high susceptibility rates were exhibited for cefotaxime (cef), 
ciprofloxacine (cip), colistin sulphate (Ct), colistin sulphate (ct), enrofloxacin (Enr). 
The table n.7 shows that 24% of isolated exhibited resistances to almost four 
different molecules. In particular two isolated of Salmonella typhimurium DT104 
exibited profiles Str-Sul-Te and amp- Str-Sul-Te respectively. The other isolated 
showed variable profiles, from seven different resistances (1 isolated) to a total 
susceptibility. 
 
3.2 Genetic characterization of Bubalus bubalis toll-like receptogenes. 
 
3.2.1 Identification of SNPs.  
 
The water buffalo TLR2 and TLR9 genes consist of two exons, while the TLR4 
consists of three exons (Figs. 5, 6, 7). The analysis of the entire CDSs enabled to 
identify 29 new SNPs in our samples, none of which was reported in GeneBank 
(Table 8). Specifically, 18 were identified in TLR2 (5 non-synonymous and 13 
synonymous), 9 in TLR4 (4 non-synonymous and 5 synonymous), and 2 in TLR9 
(both synonymous). All the SNPs found were bi-allelic with the exception of a tri-
allelic SNP (572 A>CG) found in TLR4. In addition we identified a dinucleotidic SNP 
(482/483 GC>CT) in TLR2. Protein domain of TLR2 and TLR4 non-synonymous 
SNPs are shown in 9 and 10 respectively. 
 
3.2.2 Case-control study 
 
Calculation of the allelic and genotypic frequencies, and application of the χ2 test, 
revealed that both populations (cases and controls) conformed to the Hardy-
Weinberg equilibrium with regard to all the polymorphic sites (P > 0.05) of the TLRs 
2, 4 and 9 genes (Tables: 11, 12 and 13).  
For each detected SNP, the frequency distributions of each possible genotype in 
both groups of animals (cases and controls) was evaluated by calculating the Odds 
Ratio (OR) and applying the χ2 test of independence (Tables: 14, 15 and 16). Within 
of the 29 analysed polymorphic sites (Table 17), 4 SNPs exhibited statistically 
significant differences in frequency distribution of one or more associated genotypes 
between cases and controls In particular, two SNPs were located in the TLR2 gene 
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(381 A>G and 2064 T>C), one SNP in TLR4 (672 A>C ) and one in TLR9 (2340 
C>T).  
In the TLR2  gene, the SNP at 381 A>G site  included the GG genotype that 
exhibited an OR of 52.25 (95% CI= 6.75 to 404.57) and a χ2 test of independence 
with a significant P-value (P<0.001), indicating a strict correlation between this 
genotype and susceptibility to tuberculosis. In the same polymorphic site, a 
significant P-value (P<0.001) and a significant OR (OR= 0.06, 95% CI= 0.01 to 0.25) 
were also observed for the heterozygous A/G genotype. However, in this case, an 
OR value far below 1 indicates a likewise strong correlation with resistance to the 
disease. In the same gene, the homozygous T/T genotype at the 2064 T>C 
polymorphic site, proved to be significantly associated with susceptibility to the 
disease (P <0.001 and OR= 48.5, 95% CI= 10.88 to 216.26), while the homozygous 
C/C genotype at the same site was associated with disease resistance (P <0.001 and 
OR 0.04, 95% CI =0.01 to 0.13).  
For the TLR4 gene, the CC genotype at the 672 A>C site displayed a significant P-
value (P = 0.01) and an OR lower than 1 (OR= 0.28, 95% CI =0.10 to 0.76), thus 
indicating a significant association with resistance to tuberculosis. Finally, in the 
TLR9 gene, the analysis revealed one polymorphic site (2340 C>T) including one 
genotype (C/C) associated with resistance to the disease (P = 0.04 and OR= 0.33, 
95% CI = 0.11 to 0.92). 
Haplotype reconstruction based on TLR2 polymorphisms performed by PHASE 
software, generated 25 possible haplotypes, 7 of which displayed a frequency 
greater than 0.01% in the whole sample (Table 18) . The software PHASE can reveal 
any significant imbalance in haplotype distribution between groups by performing a 
permutation test; the application of this analysis to the detected haplotypes revealed 
the presence of one haplotype (CTTACCAGCGGCCAGTCCC) associated with 
disease resistance (P = 0.04 and OR = 0.51, 95% CI= 0.27 to 0.96). In the haplotype 
are present a combination of the alleles of the 18 polimorphic sites of the TLR2 gene, 
one of which was dinucleotidic (482/483 GC/CT). It is interesting to highlight that this 
haplotype contained the two allelic variations that resulted associated with disease 
resistance (381 A and 2064 C). 
In the TLR4 gene, 34 haplotypes were observed in the two groups tested, 6 of which 
displayed a frequency greater than 0.01% in the whole population. None of the 
predicted haplotypes showed a significant association with resistance/susceptibility to 
tuberculosis.  
In the TLR9 gene, the analysis revealed one polymorphic site (2340 C>T) including 
one genotype (C/C) associated with resistance to the disease (P = 0.04 and OR= 
0.33, 95% CI = 0.11 to 0.92). In this gene, 4 haplotypes were observed in the two 
groups tested, but none of these haplotypes showed a significant association with 

































































4.  DISCUSSION AND CONCLUSIONS 
 
4.1 Gastrointestinal pathogens  
 
The prevalence of E. coli and Salmonella spp. responsible for gastroenteritis in 
Mediterranean water buffalo calves is poorly investigated and characterized. 
However, epidemiologic studies of both bovine and water buffalo calves have 
implicated them as the major cause of neonatal diarrhoea (Fagiolo et al., 2005; 
Foster and Smith, 2009).  
In the present study the prevalence of E. coli and Salmonella spp. in water buffalo 
calves affected by lethal gastroenteritis was assessed. Our study shows a 
prevalence of about 76% (188 out of 248) of E. coli in water buffalo calves. Unlike 
bovine calves, our study shows that in diarrheic water buffalo calves ETEC strains 
are infrequent. The differences between bovine and water buffalo ETEC strains also 
lie in the expressed virulence factors. Indeed, water buffalo ETEC strains exhibited a 
prevalence of the production of LT toxin, while ETEC strains of bovine origin have 
been shown to primarily produce ST toxin (Holland, 1990), even if ETEC with the 
genes for LT have been isolated also from cows, buffaloes and mithuns (Gyles and 
Fairbrother, 2010; Rajkhowa et al., 2009). Leomil and colleagues (2003) reported a 
frequency of STEC in bovine diarrheic and non-diarrhoiec calves of 12.7%, among 
which the incidence of eae and haemolytic STEC was 18.2%. A recent study on 
buffaloes at slaughterhouse in Bangladesh reported a prevalence of STEC of 37.9%, 
mostly eae-positive (Islam et al., 2008). In Vietnam, a similar study showed that 
intimin-positive STEC strains could be recovered from 27% of rectal swabs from 
randomly selected buffaloes (Vu-Khack and Cornick, 2008). In Brazil Oliveira et al. 
(2007) described healthy water buffalo as an important reservoir of STEC, while in 
Italy adult water buffalo has been reported as a natural reservoir of the of STEC 
(Galiero et al., 2005). In the present study, eae-positive STEC were recovered from 
6.8% of the E. coli isolates. The prevalence of eae-positive STEC mostly Stx1-
positive observed in this study in water buffalo calves is consistent with data reported 
for diarrheic bovine calves where Stx1 is frequently associated with eae-positive 
strains and the eae gene is more frequently found in STEC from calves compared to 
STEC from adult cattle (Mainil et al., 1993; Sandhu et al., 1996). 
CNF-producing E. coli have already been detected in association with both diarrheic 
and healthy bovine calves (Blanco et al., 1993; Burns et al., 1996; Orden et al., 1999, 
2002; Van Bost et al., 2001), and our report shows high similarities between NTEC 
from bovine and water buffalo species. In fact, water buffalo NTEC frequency 
appeared comparable to those exhibited by NTEC recovered from both diarrheic 
(ranging from 8% to 23.3%) and healthy bovine calves (from 9.9% to 35.3%). All the 
collected water buffalo NTEC isolates also exhibited haemolytic activity, as 
elsewhere described for most NTEC of animal and human origin (Caprioli et al., 
1989). Moreover, as for bovine NTEC, most NTEC from diarrheic water buffalo 
calves were CNF-positive, and exhibited a strong association between the virulence 
factors CNF and F17 (Mainil et al., 1999; Orden et al., 1999; Van Bost et al., 2001). 
Water buffalo NTEC also showed a strong association between CNF and CDT. The 
large presence of NTEC in diarrheic water buffalo calves and the number of 
expressed virulence factors highlight the pathogenic potential of this pathovar, which 
is stronger considering the possibility of exchanges between water buffalo and cattle. 
In fact, although most farms in the Campania region breed single species, either 
bovine or water buffalo, and animals are not grazed, there is still a high chance of 
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contagion as many farms still lack biosecurity requirements necessary to control the 
entry and the spread of diseases on the herd. 
Multi-drug resistant E. coli have been isolated from many different species, including 
bovine, pigs and sheep (Enne et al., 2008; Lee, 2009). Resistance rates exhibited by 
the E. coli strains isolated from Mediterranean water buffalo calves included in this 
study appear alarmingly high, above all those observed for the newer molecules. The 
use of quinolones and fluoroquinolones in human medicine urged the European 
Commission to start a referral procedure for all veterinary medical products 
containing these classes of antimicrobials, aiming to promote their careful use in 
veterinary treatments (Directive 2001/82/EC; SANCO/6876/2009r6).  
In addition this study reports a significant prevalence also of Salmonella spp. (20%) 
in diarrheic water buffalo calves, that are more relevant than those reported in 
previous studies (11 and 0.8%) (Adlakha & Sharma 1992; Amrousi et al. 1971). 
Moreover, in contrast with bovine species where salmonellosis results primarily 
associated with serovars Dublin and Typhimurium (Barrow et al. 2010), the extremely 
variable distribution of the observed serovars confirms the absence of a serovar 
specifically adapted to water buffalo, as previously suggested (Fagiolo et al. 2005). 
These data provide therefore evidence that Salmonella, particularly S. Typhimurium, 
can be potentially considered an important pathogen for this animal species. The 
definitive phage type 104 (DT104), which has often been associated with multiple-
antibiotic-resistant strains with ascertained zoonotic potential and, in many countries, 
has increased over the past two decades (Barrow et al. 2010), does not seem to be 
widely spread in water buffalo.  
The presence of more pathogens in the same subject might suggest that, as for other 
animal species (Barrow et al. 2010), diarrhea in water buffalo calves can be 
characterized by a multifactorial etiology. Data from necroscopic examinations of 
tissues indicated that the lesions caused by S. Typhimurium were characterized by 
severe damage of the intestine, ranging from congestive to necrotic-ulcerative 
enterocolitis. In particular, the strains isolated from animals exhibiting the most 
severe lesions were #16, #92, #233, and #83528. Among these strains, two 
belonging to the phage-type DT104 were also found, thus supporting the pathogenic 
role of this phage type. The other Salmonella serovars were instead isolated from 
subjects exhibiting a variety of different lesions, mostly minor lesions confined to the 
jejunum, associated with other pathogens. These data confirm the pathogenic 
potential of the serovar Typhimurium for water buffalo calves (tab. 6).  
Our data confirm the high variability of the Typhimurium serovar (Mikasowa et al. 
2005; Drahovska et al. 2007), mostly related to virulence factors, and highlight the 
high discriminating potential of the genotyping technique performed. The products of 
the genes included in the virulotyping assay performed here are known to be 
important during different stages of infection (Table 2). However, the distribution of 
these factors among the tested strains highlights the complexity and the variety of 
potential mechanisms used by Salmonella to induce disease in the host.  
The avrA, ssaQ, mgtC, siiD, and sopB genes are genetic markers for the presence of 
the SPI 1-5 in all S. Typhimurium strains tested, although their presence does not 
necessarily implicate the presence of the entire SPI. SPIs are clusters of genes on 
the chromosome, likely to be horizontally acquired, and variably associated with 
enhanced invasion and intracellular survival within both phagocytic and non-
phagocytic cells. In particular, SPI-5 has been largely associated with the ability to 
produce enteritis (Barrow et al. 2010). The S. Typhimurium strains included in this 
study all displayed the presence of the investigated SPI markers.  
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The pefA (plasmid encoded fimbria), agfA (aggregative fimbria A) and spvC 
(Salmonella plasmid of virulence gene C) genes are all located on plasmids (Higgins 
et al. 1997). Five S. Typhimurium isolates tested in the current study possessed both 
pefA and spvC, two isolates were positive for only spvC, and three isolates were 
positive for only agfA (Table 6). These results confirm the presence of more than one 
virulence plasmid among S. Typhimurium strains isolated from diarrheic water buffalo 
calves, and suggest horizontal exchange of virulence factors. Prophage genes are 
known to account for most of the variability of closely-related S. Typhimurium strains. 
Moreover, lysogenic bacteriophages promote changes in the composition of genomic 
DNA often altering the phenotype of the host (Mikasowa et al. 2005; Drahovska et al. 
2007). The prophage virulence genes included in this study exhibited a variable 
distribution among the isolates tested, thus suggesting synergistic and/or redundant 
effects of these loci on the pathogenicity of Salmonella, likely contributing to the 
phenotypic variability of this pathogen. Fimbrial genes appeared widely distributed 
among all the serovars tested, with frequency values ≥92%, except for the plasmid -
borne pefA and agfA genes (with frequency values of 38 and 54%, respectively). 
These data are consistent with the essential functions of adhesion factors for the 
attachment and internalization processes that occur during pathogenesis.  
In conclusion, as for E. Coli, the results show that the most prevalent strains in 
diarrheic water buffalo calves were NTEC followed by eae-positive STEC and ETEC. 
The virulence factors associated with the NTEC strains were mostly CNF and 
haemolysin, with CNF exhibiting a strong association with CDT and with F17. 
This study shows also a significant (25%) prevalence of Salmonella spp. in water 
buffalo calves affected by gastroenteritis with lethal outcome. However, our results 
did not indicate the existence of a Salmonella serovar specifically adapted to water 
buffalo and highlighted that S. Typhimurium is the most frequently found serovar. The 
molecular and phenotypic characterization of the S. Typhimurium isolates provided 
evidence that within this serovar there are different pathotypes potentially responsible 
for different clinical syndromes. 
The reported results might therefore be useful for the development of effective 
prophylaxis and therapy protocols for the control of E. coli and Salmonella infections 
in water buffalo farms and possible contamination of the food chain. Prophylaxis is 
essential to prevent the occurrence of infectious diseases; in general, the upgraded 
health and welfare status, and the availability of specific vaccines, especially 
autogenous bacterins (custom bacterins), could result in a reduction of the use of 
antibiotics, and might, consequently, limit the emergence of antimicrobial resistances. 
 
4.2  Bubalus bubalis toll-like receptor genes 
 
The polymorphisms of single nucleotides constitute excellent genetic markers for 
various population studies, in that they can, for instance, reveal traces of natural 
selection. Moreover, it is now known that the contribution of genes to the incidence of 
or predisposition to diseases can be determined by comparing inter-individual genetic 
differences.  
Each individual, to a greater or lesser degree than others, is genetically prone to 
develope certain diseases. In most cases, the susceptibility or resistance to a given 
pathology does not of course mean that the individual will necessarily be affected by 
the disease or remain disease-free; it does, however, indicate a higher or lower risk 
than that of the general population. Indeed, the onset of symptoms is due to an 
interaction between genetic factors and environmental factors (stress, diet, etc). 
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Nevertheless, cases have been described in which genetic factors are sufficient to 
determine the phenotype. In scrapie, for instance, which is a transmissible disease of 
sheep and goats caused by a prion, there are reports of genotypes that are defined 
as “resistant”, which are practically refractory to natural infection (Goldmann et al. 
1994; Acutis et al. 2012).  
Our analysis of the buffalo TLR2, TLR4 and TLR9 genes enabled us to identify 29 
new SNPs, none of which was previously reported. In the three genes, the 34% of 
the SNPs fell within the LRR protein domains, regions responsible for recognizing the 
ligand. This finding is in agreement with what has already been observed in TLR 
genes of cattle, humans and mice (Smirnova et al. 2000; Koets et al. 2010).  
The case-control study carried out on the identified polymorphisms revealed the 
presence of associations between some of these and the onset of M. bovis infection. 
Specifically, in TLR2, we observed a strong correlation between susceptibility to 
disease and two SNPs, in particular with genotypes G/G at site 381 A>G and T/T at 
site 2064 T>C. By contrast, an equally strong correlation was seen between disease 
resistance and the A/G and C/C genotypes, when present at the same respective 
sites. Haplotype reconstruction enabled us to ascertain whether the interaction of the 
single alleles exerted an influence on the animal’s response to the disease; indeed, 
this analysis revealed a haplotype that was associated with disease resistance 
(CTTACCAGCGGCCAGTCCC). This haplotype contained the two allelic variants 
which had already proved to be associated with disease resistance. However, as 
these variants are not exclusive of the associated haplotype, we may hypothesise 
that other loci/site  exert a modulatory effect.  
The study conducted on the polymorphisms identified in TLR4 revealed the presence 
of a single genotype that was associated with disease resistance: the C/C genotype 
at site 672 A>C. In this case, haplotype reconstruction and the permutation test did 
not retrieve any disease-associated haplotype. Also in the TLR9 gene, the analysis 
revealed only one polymorphic site (2340 C>T) including a single genotype (C/C) 
associated with resistance to the disease and the haplotype reconstruction with the 
permutation test did not retrieve any disease-associated haplotype. 
One aspect that needs to be stressed is that all the SNPs for which the statistical 
analysis revealed an association with the disease were synonymous SNPs. The 
classical view was that synonymous mutations, also called silent mutations, had no 
effect on susceptibility to disease as they do not influence the amino acid 
composition of the encoded protein. However, in the early 1980s, several studies 
demonstrated that these mutations could also exert an effect on some of the most 
important processes that regulate protein synthesis, and therefore on the phenotype. 
To date, it is estimated that about 50 human diseases are caused entirely or partly by 
synonymous mutations, and it has also been demonstrated that they play a role in 
the resistance to some diseases (Sauna et al. 2007; Chamarye & Hurst 2009). In the 
human TLR2, for example, synonymous mutations have been identified which are 
associated with resistance to liver cell carcinoma (Juunjie et al. 2012).  
With regard to the mechanisms in which these mutations are involved, a major step 
forward was the discovery that, in Escherichia coli, not all the synonymous codons 
were used at the same degree. Lipman & Wilbur observed that the action of certain 
codons could influence the speed, precision and levels of protein synthesis. 
Moreover, it has been observed that silent mutations can interfere with various 
stages of protein “construction”, from DNA transcription to the translation of mRNA 
into protein. Silent changes in the codons that form part of the exonic splicing 
enhancers (ESE) can prevent the introns from being properly eliminated. A notable 
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example of the damage that can be caused by mutations in a splicing enhancer has 
been documented for the CFTR (Cystic Fibrosis Transmembrane Conductance 
Regulator) gene (Pagani et al. 2003, 2005).  
Furthermore, even if the introns are correctly eliminated by the primary RNA 
transcript, the mRNA may not fold in the right way. In the catechol-O-
methyltrasferase (COMT) gene, a silent mutation intensifies the folding of the mRNA, 
which becomes more difficult to unroll, thus reducing synthesis of the protein 
(Nackley et al. 2006).  
Finally, synonymous mutations can alter the stability of the transcript by reducing its 
affinity for RNA binding proteins. Indeed, in humans, a synonymous mutation of the 
gene coding for corneodesmosine (CDSN) has been associated with the onset of 
psoriasis in various ethnic groups (Capon et al. 2004). Thus, it will be interesting to 
study these mutations in greater depth, for example by analysing the level of 
expression of the transcripts and the proteins by means of molecular techniques 
(e.g., real-time qPCR and Western-blot experiments), and then ascertaining whether 
different genotypes induce different levels of expression. Furthermore, mRNA 
stability assays could shed light on the functional role of the mutations identified 
(Duan et al. 2003).  
An alternative hypothesis could be that some of the detected synonymous mutations 
are not directly related to disease susceptibility/resistance, but rather that they are 
linked to other functional mutations which have not yet been identified. A recent 
meta-analysis carried out in humans identified a significant association between an 
intron mutation of TLR9 and tuberculosis (Kobayashi et al. 2012).  
Further studies will be necessary in order to understand how these polymorphisms 
act. Studies of the genetic factors involved in complex diseases have not yet 
provided clear explanations for the onset of such diseases, though they can identify 
their underlying physiopathological pathways. A thorough knowledge of these 
mechanisms will form the basis of our ability to determine the risk of developing the 
disease and to understand it in its entirety.  
These results may contribute to pave the way to create multiple layers of disease 
resistance in herds by selective breeding, to reduce the animal health control by 
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Figure 3: Structure of the IL-1R e  TLR (Akira et al. Nature Reviews 













      
 
 
Figure 4: Schematic representation of the signal transduction mediated by TLRs 































Figure 5: Schematic representation of the TLR2 gene and his two exons (GenBank 






























Figure 6: Schematic representation of the TLR4 gene and his three exons  


































Figure 7: Schematic representation of the TLR9 gene and his two exons (GenBank 



















                           
    
Figure 8: Alignment of sequences and generation of a consensus sequence using 
















































Figure 9:  Aligment of three different sequences, in the picture are shown three 























Table 1: Escherichia coli, PCR primers and conditions used in this study. 




strains Reference PCR Conditions 
        
Stx1F CAGTTAATGTGGTGGCGAAGG 
Stx1R CACCAGACAATGTAACCGCTG 
stx1 348 bp C210-03;  ED 669 (Vidal et al., 2005) 35 x 
90 s at 94°C 
90 s at 60°C 
90 s at 72°C 
        
Stx2F ATCCTATTCCCGGGAGTTTACG 
Stx2R GCGTCATCGTATACACAGGAGC 
stx2 584 bp C210-03 (Vidal et al., 2005) 35 x 
90 s at 94°C 
90 s at 60°C 
90 s at 72°C 
        
EaeF TCAATGCAGTTCCGTTATCAGTT 
EaeR GTAAAGTCCGTTACCCCAACCTG 
eae 482 bp C210-03;  ED 669 (Vidal et al., 2005) 35 x 
90 s at 94°C 
90 s at 60°C 
90 s at 72°C 
        
LtF GCACACGGAGCTCCTCAGTC 
LtR TCCTTCATCCTTTCAATGGCTTT 
ltII 218 bp H10407 (Vidal et al., 2005) 35 x 
90 s at 94°C 
90 s at 60°C 
90 s at 72°C 
        
StF AAAGGAGAGCTTCGTCACATTTT 
StR AATGTCCGTCTTGCGTTAGGAC 
stII 129 bp EA-11 (Vidal et al., 2005) 35 x 
90 s at 94°C 
90 s at 60°C 
90 s at 72°C 
        
CnfF GGGGGAAGTACAGAAGAATTA 
CnfR TTGCCGTCCACTCTCTCACCAGT 
cnf1 1111 bp EF-176 (Toth et al., 2003) 30 x 
60 s at 94°C 
60 s at 55°C 
60 s at 72°C 
        
CdtF CAATAGTCGCCCACAGGA 
CdtR ATAATCAAGAACACCACCAC 
cdt-I 411 bp EF-133 (Toth et al., 2003) 30 x 
60 s at 94°C 
60 s at 55°C 
60 s at 72°C 
        
F17F GCTGGAAGGGTGCAATACGCCTG 
F17R ATTCGTAACCCGCTCTCGTCC 
f17a 321 bp 25KH9 (Bertin et al., 1996) 25 x 
120 s at 94°C 
60 s at 55°C 




























                  
Gene Function Primer sequence  (5’ – 3’) bp Reference  
avrA Inhibits the proinflammatory, antiapoptotic NF-kappa B pathway 
CCTGTATTGTTGAGCGTCTGG 
AGAAGAGCTTCGTTGAATGTCC 422 8 
ssaQ Secretion system apparatus protein, component of second T3SS 
AATGAGCTGGGTAGGGTGTG 
ATGCAACGCTAGCTGATGTG 216 This study 
mgtC Intramacrophage survival protein TGACTATCAATGCTCCAGTGAAT ATTTACTGGCCGCTATGCTGTTG 677 8 
siiD HLYD family secretion protein GTTCATGGTCAGGGCGTTAT GCAAGCAATGCGAGTTCTTT 416 This study 
sopB Translocated effector protein (phosphoinositide phosphatase) via T3SS 
TAACGTCAATGGCAAACCAA 
CCCTCATAAGCACTGGGAAA 334 This study 
gipA Peyer’s patch-specific virulence factor GCAAGCTGTACATGGCAAAG GGTATCGGTGACGAACAAAT 212 9 
gogB Type III-secreted substrate of the infection process  GCTCATCATGTTACCTCTAT AGGTTGGTATTTCCCATGCA 598 10 
sopE Translocated T3SS effector protein CGAGTAAAGACCCCGCATAC GAGTCGGCATAGCACACTCA 363 10 
gtgB Translocated T3SS effector protein TGCACGGGGAAAACTACTTC TGATGGGCTGAAACATCAAA 436 9 
sspH1 Salmonella secreted protein H1 TGCAGAAAAAGGGGAATACG GCAGCCTGAAGGTCTGAAAC 246 This study 
sspH2 Salmonella secreted protein H2 GCACAACTGGCTGAAGATGA TTTCCCAGACGGAACATCTC 203 This study 
gtgE SPI2 type III secreted effector protein AGGAGGAGTGTAAAGGT GTAGAACTGGTTTATGAC 1114 11 
sodC1 Periplasmmic Cu, Zn-superoxide dismutases TATTGTCGCTGGTAGCTG CAGGTTTATCGGAGTAAT 468 11 
spvC Spv region promotes rapid growth and survival within the host 
ACTCCTTGCACAACCAAATGCGGA 
TGTCTTCTGCATTTCGCCACCATCA 571 12 
invA Enables the bacteria to invade cells ACAGTGCTCGTTTACGACCTGAAT AGACGACTGGTACTGATCGATAAT 244 12 
stfE Minor fimbrial subunit of the Salmonella Typhi flagella ATTTGGCAATGTGTTGACGA TTTGCAGACGGATACCCAAT 185 This study 
safC Pilin outer membrane usher protein CTCGCTGTCATTGAACTGGA CACCGTGTGATGGTGAAGTC 158 This study 
csgA Major fimbrial subunit of thin curled fimbriae GGATTCCACGTTGAGCATTT CGGAGTTTTTAGCGTTCCAC 212 This study 
ipfD The Ipf fimbrial operon mediates adhesion to Peyer's patches 
TTCCCTCAATACGCAGGAAG 
CTCAGGGCTGTGAACTCTCC 183 This study 
bcfC Bovine colonization factor, fimbrial usher CAGCTTTTCATGACGCGATA CAATGTCTCTGGTTGCGAGA 241 This study 
stbD Stability protein involved in a toxin-antitoxin system and in plasmid stability 
GGCTGTAATATTCGCCGGTA 
GCACGCCCTATTCCAGTAAA 201 This study 
pefA Major fimbrial subunit of the plasmid encoded fimbria ACACGCTGCCAATGAAGTGA ACTGCGAAAGATGCCACAGA 450 15 
fimA Type 1 major fimbrial unit CCTTTCTCCATCGTCCTGAA TGGTGTTATCTGCCTGACCA 85 This study 







Table 3: PCR  primers and annealing temperatures for amplification of bubaline 

































* For these primer pairs a touchdown PCR protocol was used. 
 
Locus Sequence ( 5'  3')  PCR T.A. (°C) 
TLR2 a Fw: TTTGTAGGTCAAATCACTGGACA 58* 
 Rw: TCCTGGCCACTGACAAGTTT  
TLR2 b Fw: GCCCTTCCTTCAAACCTTG 58* 
 Rw: CACCACCAGACCAAGACTGA  
TLR4 a Fw:GTGTGGAGACCTAGATGACTGG  60 
 Rw:GTACGCTATCCGGAATTGTTCA  
TLR4 b Fw:CTTTCCTGGAGGGACTGTGC 60 
 Rw:CCACGAAGTTTGAACCTAAGGTAA  
TLR4 c Fw:CTACCAAGCCTTCAGTATCTAG  60 
 Rw:GGCATGTCCTCCATATCTAAAG  
TLR4 d Fw:AAGGACCAGAGGCAGCTCTT 58 
 Rw:TAACTGAACACGCCCTGCAT  
TLR9 a Fw:CCAGCCTCTCCTTAATCTCC 54 
 Rw:CGGAACCAATCTTTCTCTAGTT  
TLR9 b Fw:CCTGACACCTTCAGTCACCT 55 
 Rw:GCGGGTAAACATCTCTTGCT  
TLR9 c Fw:CGTCAGCTCAAAGGACTTCA 56 
 Rw:AGGGTGTGCAGATGGTTCTC  
TLR9 d Fw:GGGAGACCTCTATCTCTGCTTT 56 
 Rw:CGCTCACGTCTAGGATTTTC  
TLR9 e Fw:CTTCAGAAGCTGGACGTGAG 55 
 Rw:TCTTGCGGCTGCTGTAGAC  
TLR9 f Fw:TGCTCTATGATGCCTTCGTG 55 





















Table 4: Distribution of virulence factors in  Escherichia 
coli isolates colleted from diarrhoeic water buffalo 
calves.  
 
Pathovars Virulence factors 
No. of 
isolates 
Frequency   
(%) 
lt 3 1.6 
ETEC 
st 1 0.5 
stx1-eae 4 2.1 
stx1-eae-hly 5 2.7 
stx2-eae 3 1.6 
STEC 
stx1-stx2-eae 1 0.5 
cnf-hly 9 4.8 
cnf-cdt-hly 26 13.8 
cnf-F17-hly 1 0.5 
NTEC 
cnf-cdt-F17-hly 4 2.1 

































Table 5: Antimicrobial susceptibility patterns of Escherichia coli isolates collected from 
diarrhoeic water buffalo calves. 
.  
 
% Na  Amc Amcl Amp Apr Ct Enr Flu Cn My Mafl N Ot Pg Sxt Te 
R 39 58 68 40 28 9 37 30 26 98 30 42 72 93 44 72 
S 61 42 32 60 72 91 63 70 74 2 70 58 28 7 56 28 
R = resistant; S = susceptible 
 
 
Antimicrobial molecules included in the study: nalidixic acid (Na), amoxicillin (Amc), 
amoxicillin/clavulanic acid (Amcl), ampicillin (Amp), apramycin (Apr), colistin (Ct), enrofloxacin 
(Enr), flumequine (Flu), gentamicin (Cn), lincomycin (My), marbofloxacin (Mafl), neomycin (N), 
























gipA gtgB gogB sspH1 sodC1 gtgE spvC safC csgA pefA agfA 
S. Typhimurium              
16 - + + + + + + + + + - 1 DT1 
92 - + + + + + + + + + + 2 DT104 
112 - - - + - - - - + - - 3 RDNC 
148 + + + + + + - + + - - 4 DT194 
233 - + + - + + + + + + - 5 DT104 
279 - + + - + + + + + + - 5 U302 
107025 - + + - + + + + + - + 6 RDNC 
461 + + + - + + - + - - - 7 DT208 
10606 - + + + - - + + + + + 10 U302 
51789 + + + + - + - + + - + 8 DT110 
55137 + + + + - + - + + - + 8 DT20 
82280 + + + + - + + + + - + 9 DT110 
83528 + + + + - + - + + - + 8 NTb 
Freq. (%) 46 92 92 69 54 85 54 92 92 38 54   
a The following loci: invA, sspH2, stfE, ipfD, bcfC, stbD, fimA, avrA, ssaQ, mgtC, siiD, sopB were 
present in all the strains; the sopE gene was not found in any of these strains. 
















Table 7: Multi- antibiotic resistance profiles of  Salmonella spp. isolated from 




Antibiotic-resistance profiles  No. of  isolatates 
No. of isolatates 
of S.Typhimurium 
Na – Amp – Clo – Str – Sul – Te - Amcl 2 1 
Clo – kan – Str – Sul – Te - Sxt 1  
Amp - Sul - Te - Sxt - Amcl -Cf 1  
Na - kan - Str - Te 1  
Str - Sul - Te -Sxt 1  
Amp – Sul - Te - Sxt 3 3 
Amp - Str - Sul - Te 3 2* 
Str - Sul - Te 2 1* 
Less than 3 resistance/susceptibility  35 6 
*It is included an isolated with fagotype DT104 
 
 
The Salmonella spp. isolates were assayed for susceptibility to the following 16 
antimicrobials: nalidixic acid (Na), ampicillin (Amp), chloramphenicol (Clo), streptomycin 
(Str), sulfonamide (Sul), tetracycline (Te), amoxicillin/clavulanic acid (Amcl), kanamycin 
(kan), sulphamethoxazole/trimethoprim (Sxt), cephalotin (Cf), gentamicin (Cn), colistin 
















Table 8:   Detected SNPs in bubaline TLRs 2, 4 and 9 genes and their 
locations in the protein domain architecture 
 
 
gene SNPsa AA changeb Protein domain 
TLR2 42 C>T / / 
 53 C>T M18T / 
 108 C>T / LRR 8 
 153 G>A / / 
 156 C>T / / 
 374 T>C A125V LRR 8 
 381 A>G / LRR 8 
 482/483 GC>CT S161T LRR 8 
 519 G>C / LRR 8 
 1034 A>G S345N / 
 1375 T>C / / 
 1407 C>T / / 
 1650 G>A / LRR CT 
 1678 A>G A560T LRR CT 
 1707 C>T / LRR CT 
 1731 C>T / LRR CT 
 1740 C>T / LRR CT 
 2064 T>C / / 
TLR4 572 A>Cc Y191S / 
 572 A>Gc / / 
 574 C>T Q192W / 
 575 A>G Q192W / 
 576 T>G / / 
 577 G>A E193K / 
 579 A>G / / 
 647 G>A / / 
 662 G>A / / 
 672 A>C / / 
TLR9 2340 C>T / / 
 2475 A>G / / 
 
a SNPs positions were calculated taking the ATG start codon as position 1 based 
on the sequences GenBank:HM756161 (TLR2 gene), GenBank:HM469969 
(TLR4 gene), GenBank:HQ242778 (TLR9 gene) 
 
b amino acid positions are given according to the ATG start codon 
 














































SNPs PROTEIN DOMAIN 
53 T>C Signal peptide 
374 C>T LRR5 
482/483 GC/CT LRR6 
1034 G> A LRR10 
1678 G >A extracellular 
SNPs PROTEIN DOMAIN 
572 A>C LRR8 
572  A>G LRR8 
574 C>T LRR8 
575 A>G LRR8 
577 G >A LRR8 
56 
 
Genotipo controlli   freq. oss  freq. att p casi  freq. oss  freq.att p
42-C>T C/C 62 0,61 0,64 0,89 36 0,64 0,65 0,99
T/T 2 0,02 0,04 2 0,04 0,04
C/T 37 0,37 0,32 18 0,32 0,32
53-C>T C/C 15 0,15 0,18 0,89 15 0,27 0,24 0,93
T/T 30 0,30 0,33 15 0,27 0,24
C/T 56 0,55 0,49 25 0,45 0,48
108-C>T C/C 15 0,15 0,18 0,91 15 0,27 0,24 0,93
T/T 31 0,31 0,34 15 0,27 0,24
C/T 55 0,54 0,49 25 0,45 0,48
153-G>A G/G 15 0,15 0,18 0,91 14 0,25 0,23 0,95
A/A 31 0,31 0,34 15 0,27 0,25
G/A 55 0,54 0,49 26 0,46 0,48
156-C>T C/C 59 0,58 0,62 0,83 34 0,61 0,60 0,96
T/T 1 0,01 0,05 2 0,04 0,04
C/T 41 0,41 0,34 19 0,34 0,32
374-T>C T/T 2 0,02 0,04 0,89 3 0,05 0,08 0,90
C/C 61 0,60 0,63 27 0,48 0,50
T/C 38 0,38 0,33 25 0,45 0,39
381-A>G A/A 59 0,58 0,61 0,84 34 0,61 0,39 0,36
G/G 1 0,01 0,04 19 0,34 0,13
A/G 40 0,40 0,33 2 0,04 0,45
482/483-GC GC/GC 60 0,59 0,63 0,84 33 0,59 0,59 0,95
CT/CT 1 0,01 0,04 2 0,04 0,05
GC/CT 40 0,40 0,33 20 0,36 0,33
519-G>C G/G 53 0,52 0,57 0,88 28 0,50 0,52 0,95
C/C 4 0,04 0,07 4 0,07 0,09
G/C 46 0,46 0,40 25 0,45 0,43
1034-A>G A/A 15 0,15 0,19 0,89 14 0,25 0,24 0,97
G/G 31 0,31 0,35 15 0,27 0,26
A/G 57 0,56 0,51 27 0,48 0,50
1375-T>C T/T 4 0,04 0,05 0,95 3 0,05 0,08 0,91
C/C 61 0,60 0,63 28 0,50 0,52
T/C 38 0,38 0,36 25 0,45 0,40
1407-C>T C/C 76 0,75 0,90 0,82 34 0,61 0,62 0,95
T/T 1 0,01 0,04 2 0,04 0,05
C/T 40 0,40 0,40 20 0,36 0,34
1650-G>A G/G 53 0,52 0,53 0,99 38 0,68 0,70 0,85
A/A 8 0,08 0,08 0 0,00 0,03
G/A 41 0,41 0,41 18 0,32 0,27
1678-A>G A/A 2 0,02 0,05 0,88 3 0,05 0,08 0,91
G/G 61 0,60 0,64 28 0,50 0,52
A/G 39 0,39 0,34 25 0,45 0,40
1707-C>T C/C 15 0,15 0,18 0,90 14 0,25 0,24 0,97
T/T 31 0,31 0,34 15 0,27 0,26
C/T 56 0,55 0,50 27 0,48 0,50
1731-C>T C/C 60 0,59 0,64 0,83 34 0,61 0,62 0,95
T/T 1 0,01 0,05 2 0,04 0,05
C/T 41 0,41 0,34 20 0,36 0,34
1740-C>T C/C 60 0,59 0,64 0,83 35 0,63 0,63 0,97
T/T 1 0,01 0,05 2 0,04 0,04
C/T 41 0,41 0,34 19 0,34 0,33
2064-T>C T/T 2 0,02 0,04 0,89 28 0,50 0,52 0,91
C/C 60 0,59 0,60 3 0,05 0,08




Table 11 (pag.56): Observed and expected frequencies of the different genotypes in 









Table 12: Observed and expected frequencies of the different genotypes in the 
cases and controls groups at the polymorphic sites of the TLR4. 
 
SNPs Genotype controls   obs. Freq.   exp. Freq. p cases   obs. Freq.   exp. Freq. p
572 C>A G A/A 27 0,218 0,03 0,56 6 0,05 0,03 0,56
C/C 22 0,177 0,04 11 0,09 0,04
G/G 0 0,000 0,01 2 0,02 0,01
A/C 43 0,347 0,07 21 0,17 0,07
A/G 14 0,113 0,02 7 0,06 0,02
C/G 18 0,145 0,03 7 0,06 0,03
574 C>T C/C 92 0,742 0,66 0,89 37 0,69 0,66 0,89
T/T 2 0,016 0,03 3 0,06 0,03
C/T 30 0,242 0,30 14 0,26 0,30
575 A>G A/A 83 0,669 0,74 0,88 41 0,76 0,74 0,88
G/G 2 0,016 0,02 2 0,04 0,02
A/G 39 0,315 0,24 11 0,20 0,24
576 T>G G/G 26 0,210 0,13 0,87 5 0,09 0,13 0,87
T/T 41 0,331 0,41 20 0,37 0,41
G/T 57 0,460 0,46 29 0,54 0,46
577 G>A A/A 24 0,194 0,21 0,91 10 0,19 0,21 0,91
G/G 38 0,306 0,29 14 0,26 0,29
A/G 62 0,500 0,50 30 0,56 0,50
579 A>G A/A 42 0,339 0,27 0,97 14 0,26 0,27 0,97
G/G 23 0,185 0,23 12 0,22 0,23
A/G 59 0,476 0,50 28 0,52 0,50
647 G>A A/A 26 0,210 0,14 0,91 6 0,11 0,14 0,91
G/G 39 0,315 0,40 20 0,37 0,40
A/G 59 0,476 0,47 28 0,52 0,47
662 G>A A/A 27 0,218 0,13 0,87 5 0,09 0,13 0,87
G/G 38 0,306 0,41 20 0,37 0,41
A/G 59 0,476 0,46 29 0,54 0,46
672 A>C A/A 34 0,274 0,41 0,87 20 0,37 0,41 0,87
C/C 33 0,266 0,13 5 0,09 0,13
























Table 13: Observed and expected frequencies of the different genotypes in the 
cases and controls groups at the polymorphic sites of the TLR9. 
 
Genotype controls obs. freq.   exp. freq.  P cases  obs. freq.   exp. freq.  P
2340 C>T C/C 16 0,22 0,19 0,61 4 0,08 0,10 0,63
T/T 26 0,36 0,24 23 0,44 0,39
C/T 31 0,42 0,22 25 0,48 0,25
2475 A>G A/A 19 0,41 0,41 0,49 19 0,46 0,50 0,49
G/G 6 0,13 0,40 2 0,05 0,30































Table 14: Frequency distribution of the different genotype for each SNP in the TLR2. 
 
                  
gene SNPs genotype p value O.R. I.C  95%
TLR 2 42 C>T C/C 0,84 1,13 0,57 - 2,29
T/T 0,61 1,83 0,25 - 13,38
C/T 0,69 0,81 0,41 - 1,63
53 C>T C/C 0,08 2,15 0,96 - 4,82
T/T 0,85 0,89 0,43 - 1,84
C/T 0,20 0,67 0,35 - 1,30
108 C>T C/C 0,09 2,15 0,96 - 4,82
T/T 0,79 0,85 0,41 - 1,75
C/T 0,36 0,7 0,36 - 1,35
153 G>A G/G 0,15 1,96 0,86 - 4,4
A/A 0,79 0,85 0,41 - 1,75
G/A 0,48 0,75 0,39 - 1,45
156 C>T C/C 0,80 1,15 0,59 - 2,26
T/T 0,55 3,77 0,33 - 42,59
C/T 0,57 0,77 0,39 - 1,53
374 T>C T/T 0,34 2,86 0,46 - 17,63
C/C 0,18 0,63 0,33 - 1,23
T/C 0,39 1,38 0,71 - 2,69
381 A>G A/A 0,86 1,13 0,57 - 2,21
G/G 0,00 52,25 6,75 - 404,57
A/G 0,00 0,06 0,01 - 0,25
482/483 GC>CT GC/GC 1,00 1,03 0,52 - 2,00
CT/CT 0,28 3,77 0,33 - 42,59
GC/CT 0,73 0,87 0,44 - 1,72
519 G>C G/G 0,92 0,91 0,48 - 1,74
C/C 0,45 1,87 0,45 - 7,77
G/C 1,00 0,97 0,50 - 1,86
1034 A>G A/A 0,13 1,96 0,86 - 4,42
G/G 0,71 0,85 0,41 - 1,86
A/G 0,41 0,75 0,39 - 1,44
1375 T>C T/T 0,69 1,4 0,30 - 6,49
C/C 0,34 0,69 0,36 - 1,33
T/C 0,43 1,38 0,71 - 2,67
1407 C>T C/C 0,74 0,84 0,43 - 1,65
T/T 0,55 3,74 0,33 - 42,20
C/T 1,00 1,06 0,54 - 2,10
1650 G>A G/G 0,07 1,95 0,99 - 3,86
A/A 0,10 0,1 0,01 - 1,74
G/A 0,40 0,7 0,35 - 1,40
1678 A>G A/A 0,34 2,83 0,46 - 17,47
G/G 0,24 0,67 0,35 - 1,30
A/G 0,49 1,3 0,67 - 2,52
1707 C>T C/C 0,16 1,93 0,85 - 4,37
T/T 0,76 0,84 0,4 1- 1,73
C/T 0,52 0,76 0,40 - 1,47
1731 C>T C/C 1,00 1,08 0,56 - 2,10
T/T 0,55 3,74 0,33 - 42,20
C/T 0,55 3,74 0,33 - 42,20
1740 C>T C/C 0,77 1,17 0,60 - 2,28
T/T 0,55 3,74 0,33 - 42,20
C/T 0,54 0,76 0,38 - 1,50
2064 T>C T/T 0,00 48,5 10,88 - 216, 26
C/C 0,00 0,04 0,01 - 0,13







Table 15: Frequency distribution of the different genotype for each SNP in the TLR4. 
 
gene SNPs genotype p value O.R. I.C  95%
TLR 4 572 C>A G A/A 0,16 0,46 0,18 - 1,16
C/C 0,8 1,17 0,53 - 2,58
G/G 0,09 11,6 0,54 - 245
A/C 0,76 1,16 0,60 - 2,22
A/G 0,88 1,17 0,45 - 3,01
C/G 1 0,88 0,35 - 2,21
574 C>T C/C 0,54 0,75 0,37 - 1,52
T/T 0,32 3,58 0,58 - 22,12
C/T 1 1,09 0,52 -2,28
575 A>G A/A 0,3 1,55 0,75 - 3,22
G/G 0,58 2,34 0,32 - 17,10
A/G 0,18 0,55 0,25 - 2,19
576 T>G G/G 0,09 0,38 0,13 - 1,06
T/T 0,72 1,19 0,61 - 1,32
G/T 0,43 1,36 0,71 - 2,58
577 G>A A/A 0,92 0,94 0,41 - 2,14
G/G 0,64 0,79 0,38 - 1,62
A/G 0,6 1,25 0,65 - 2,37
579 A>G A/A 0,38 0,68 0,33 - 1,39
G/G 0,71 1,25 0,57 -2,75
A/G 0,71 1,18 0,62 - 2,24
647 G>A A/A 0,17 0,47 0,18 - 1,22
G/G 0,57 1,28 0,65 - 2,50
A/G 0,71 1,18 0,62 - 2,24
662 G>A A/A 0,07 0,36 0,13 - 1,01
G/G 0,5 1,33 0,68 - 2,60
A/G 0,55 1,27 0,67 - 2,42
672 A>C A/A 0,26 1,55 0,78 - 3,06
C/C 0,01 0,28 0,10 - 0,76
A/C 0,43 1,36 0,71- 2,58  






















Table 16: Frequency distribution of the different genotype for each SNP in the TLR4. 
 
gene SNPs genotype p value O.R. I.C  95% 
TLR 9 2340  C>T  C/C 0,04 0,33 0,11 - 0,92 
  
T/T 0,29 1,43 0,72 - 2,85 
  
C/T 0,59 1,27 0,64 - 2,47 
 
2475  A>G A/A 0,57 1,29 0,65 - 2,56 
  
G/G 0,08 0,36 0,12 - 1,02 






























 Table 17: Polymorphic sites including genotypes with statistically significant P-values 
and ORs  
 
gene SNPs genotype P-value OR CI  95% 
TLR2 381 A>G A/A 0.86 1.13 0.57 - 2.21 
  G/G 0.00 52.25 6.75 - 404.57 
  A/G 0.00 0.06 0.01 - 0.25 
 2064 T>C T/T 0.00 48.5 10.88 - 216. 26 
  C/C 0.00 0.04 0.01 - 0.13 
  T/C 0.47 1.35 0.69 - 2.63 
TLR4 672 A>C A/A 0.26 1.55 0.78 - 3.06 
  C/C 0.01 0.28 0.10 - 0.76 
  A/C 0.43 1.36 0.71- 2.58 
TLR9 2340  C>T  C/C 0.04 0.33 0.11 - 0.92 
  T/T 0.29 1.43 0.72 - 2.85 
  C/T 0.59 1.27 0.64 - 2.47 
 
Bold lines highlight genotypes with statistically significant differences in frequency 

























Table 18: Haplotype reconstruction based on TLR2 polymorphisms performed by 
PHASE software. Seven haplotypes with a frequency greather than 0.01%.in the 
whole sample. 
 
    






cases p-value O.R I.C  95%
CCCGCTAGCGATCGACCCT 0,206 0,245 21 14 0,48 1,24 0,72 ÷ 2,15
CCCGTCGCTGACTGGCTTC 0,015 0,027 2 2 0,67 1,86 0,37 ÷ 9,38
CTTACCAGCGGCCGGTCCC 0,035 0,063 4 4 0,26 1,9 0,65 ÷ 5,55
CTTACCAGCGGCCAGTCCC 0,234 0,134 24 7 0,04 0,51 0,27 ÷ 0,96
CTTACCAGCCGCCAGTCCC 0,020 0,027 2 2 0,7 1,39 0,31 ÷ 6,32
CTTACCAGCCGCCGGTCCC 0,257 0,263 26 15 0,89 1,06 0,63 ÷ 1,78
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Le gastroenteriti infettive del vitello bufalino:
identificazione e caratterizzazione dei principali 
agenti eziologici in allevamenti campani
RIASSUNTO
Nel presente studio sono stati ricercati gli agenti eziologici infettivi responsabili di gastroenterite in vitelli bufalini entro il pri-
mo mese di vita. Le feci di 248 vitelli affetti da gastroenterite sono state analizzate per la ricerca di E. coli, Salmonella spp., Clo-
stridium perfringens, Rotavirus, Coronavirus, Cryptosporidium spp., Giardia spp. ed Eimeria spp. C. perfringens è risultato il pa-
togeno più frequente (28%). E. coli patogeni, Salmonella spp. e Cryptosporidium spp. sono stati isolati nel 23%, 20% e 17% dei
casi, rispettivamente. Rotavirus, Coronavirus, Eimeria spp. e Giardia spp. sono stati individuati nel 7%, 4%, 4% e 3% dei casi,
rispettivamente. Gli isolati di E. coli sono stati caratterizzati per la presenza dei principali fattori di virulenza (lt, st, stx1, stx2,
eae, cdt, cnf, F17) e per la capacità emolitica. Sono stati così individuati ceppi ETEC (2%), STEC (7%) e NTEC (21%). La sie-
rotipizzazione degli isolati di Salmonella spp. ha identificato un elevato numero di sottospecie di S. enterica, tra cui Typhimu-
rium (26%), Muenster (10%) e Give (10%). La fagotipizzazione dei 13 isolati di S. Typhimurium ha mostrato 9 diversi profi-
li. Gli isolati di C. perfringens sono stati caratterizzati per la produzione delle tossine alfa, beta, beta2, iota, epsilon ed entero-
tossina E. L’81% dei ceppi è risultato positivo alla tossina α, il 12% alle tossine α e β2, il 3% alle tossine α, β2 ed enterotossi-
na. I ceppi di E. coli e Salmonella sono stati valutati per la suscettibilità a 16 antibiotici, mostrando elevati livelli di multi-resi-
stenza. I risultati riportati in questo studio confermano l’ampia e variegata presenza di agenti eziologici in vitelli bufalini af-
fetti da gastroenterite e sottolineano la presenza diffusa di fenomeni di antibiotico-resistenza.
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Le gastroenteriti del vitello bufalino rappresentano una del-
le problematiche sanitarie più comuni e diffuse nell’ambito
delle patologie di questa specie animale e ancora oggi inci-
dono grandemente sull’economia aziendale1.
I microrganismi sinora messi in evidenza quali responsabili
di patologie enteriche del vitello bufalino entro le prime
quattro settimane di vita, sono rappresentati principalmente
da E. coli, Salmonella spp., Rotavirus e Cryptosporidium
spp.1,2,3. La sintomatologia è caratterizzata da diarrea e con-
seguente disidratazione, che può presentarsi in forme più o
meno gravi. Talvolta, al coinvolgimento del tratto gastroen-
terico si accompagna anche quello di altri distretti, e questo
accade quando ad essere coinvolti sono batteri in grado di
dare setticemia o di produrre tossine che, attraverso il circo-
lo sanguigno, raggiungono diversi organi bersaglio, quali ap-
parato respiratorio, articolazioni e sistema nervoso centrale.
Inoltre, i microrganismi patogeni possono agire in associa-
zione nello stesso animale, contribuendo a rendere più com-
plesso il quadro delle misure terapeutiche e profilattiche da
intraprendere nelle aziende interessate1.
Molti dei microrganismi patogeni responsabili di gastroente-
rite nel vitello bufalino sono caratterizzati dalla presenza di
fattori di virulenza, implicati nella patogenesi e nella evolu-
zione della sindrome gastro-enterica. In particolare, le infe-
zioni da E. coli possono essere causate da diversi patotipi,
principalmente E. coli enterotossici (ETEC), E. coli enteropa-
togeni (EPEC), ed E. coli produttori di tossine Shiga
(STEC)4,5. Questi patotipi possono indurre una varietà di
sintomi, tra cui diarrea, colite emorragica e infezioni extra-
intestinali5. I loro meccanismi patogeni possono essere attri-
buiti a diversi fattori di virulenza quali enterotossine (tossi-
na termolabile - LT, e tossina termostabile - ST, simili alle tos-
sine coleriche e in grado di fungere da fattori di adesione),
tossine Shiga (Stx1 e Stx2, che inducono la morte cellulare
inibendo la sintesi proteica) e fattori di colonizzazione (fla-
gelli, capsule, lipopolisaccaride, adesine e fimbrie - tra cui le
fimbrie della famiglia F17)5. Inoltre, spesso in associazione a
casi di infezioni extra-intestinali, possono essere isolati E. co-
li necrotossici (NTEC), caratterizzati dalla presenza di fatto-
ri citotossici necrotizzanti (CNF1 e CNF2) e/o di una tossina
citoletale (CDT), tutti fattori in grado di indurre morte cel-
lulare. Alcuni o tutti questi patotipi possono esprimere ulte-
riori fattori di virulenza quali l’intimina, codificata dal gene
eae, e le emolisine, ad azione citotossica. Gli isolati della spe-
cie C. perfringens, invece, possono essere classificati in cinque
diversi tossino-tipi (A, B, C, D, E) in funzione della produ-
zione delle quattro principali tossine ad azione citoletale:
alpha, beta, epsilon e iota. Tra queste, il ruolo principale nel-
l’induzione della gastroenterite è svolto dalla tossina α, capa-
ce di causare lisi cellulare mediante idrolisi della membrana
fosfolipidica. Insieme a queste tossine, anche la enterotossina
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E e la tossina beta-2 possono svolgere un ruolo nell’induzio-
ne di sindromi gastroenteriche5,6.
La diffusione di questi patogeni, particolarmente E. coli e
Salmonella spp., negli allevamenti di ruminanti domestici
rappresenta oggi un ulteriore motivo di allarme a causa del-
la presenza e diffusione di batteri antibiotico-resistenti in ri-
sposta all’ampio e indiscriminato uso di antibiotici per il
trattamento di malattie infettive nei giovani animali4.
In letteratura sono piuttosto limitati gli studi sistematici vol-
ti a valutare le cause infettive di enterite del vitello bufalino e
l’eventuale co-presenza nello stesso soggetto o nella stessa
azienda di più microrganismi patogeni. Lo scopo del presen-
te lavoro è stato di valutare, in aziende bufaline con elevati
tassi di morbilità e mortalità dei vitelli entro il primo mese di
vita, il tipo e la prevalenza degli agenti eziologici riscontrabi-
li in corso di patologia enterica, e la frequenza con la quale
tali microrganismi si isolano contestualmente.
MATERIALI E METODI
Campionamento ed analisi
Questo studio è stato condotto nella regione Campania du-
rante gli anni 2009-2010, su 248 vitelli bufalini allevati in 25
aziende diverse. Mediamente in ogni allevamento sono stati
campionati 10 ± 3 soggetti. Gli animali avevano un’età com-
presa tra 1 giorno e 4 settimane e risultavano tutti affetti da
sindrome gastroenterica. Feci fresche sono state raccolte di-
rettamente dall’ampolla rettale, prima di qualunque tratta-
mento antibiotico, e immediatamente refrigerate a 4°C. I
campioni sono stati trasportati refrigerati e analizzati entro
24h dal ricevimento per la ricerca di Salmonella spp., E. coli,
Eimeria spp., Cryptosporidium spp., Giardia spp., Coronavi-
rus, Rotavirus e C. perfringens.
Rotavirus e Coronavirus sono stati ricercati mediante RT-
PCR classica utilizzando i primer e i protocolli riportati in
letteratura7,8. Per Cryptosporidium spp. e Giardia spp. è stato
utilizzato un test immunocromatografico (OXOID, Ltd, Ba-
singstoke, UK). La presenza di Eimeria spp. è stata esamina-
ta mediante flottazione9. E. coli e C. perfringens sono stati iso-
lati mediante metodo microbiologico5. Brevemente, campio-
ni di feci (10 g) sono stati sospesi in PBS (10 ml) e diluiti se-
rialmente per la semina su specifici terreni di coltura. C. per-
fringens è stato isolato in seguito a semina su agar sangue e
incubazione a 37°C per 48h in condizioni di anaerobiosi; E.
coli è stato isolato in seguito a semina su agar sangue e Mac-
Conkey agar e incubazione a 37°C per 24-48h in condizioni
di aerobiosi. E. coli è stato considerato come plausibilmente
correlato alla sindrome diarroica solo quando riscontrato in
concentrazioni non inferiori a 108 UFC/g di contenuto inte-
stinale4. L’isolamento di Salmonella spp. è stato effettuato se-
condo quanto indicato nella relativa norma ISO10. Tutti i
ceppi microbici isolati sono stati confermati mediante tipiz-
zazione biochimica (VITEK 2).
Caratterizzazione molecolare e
fenotipica dei ceppi batterici isolati
I ceppi di E. coli sono stati caratterizzati per la presenza di
specifici fattori di virulenza (lt, st, stx1, stx2, eae, cnf, cdt, F17)
mediante i primer e i protocolli di PCR classica riportati in
letteratura4. In particolare la caratterizzazione molecolare è
stata eseguita su tre colonie distinte per ognuno dei campio-
ni positivi. L’attività emolitica (hly) per ciascun ceppo è sta-
ta definita valutando l’alone di emolisi in seguito a crescita su
agar al 5% di sangue di montone.
Le salmonelle isolate sono state sierotipizzate secondo lo
schema di Kaufmann-White11. I ceppi isolati di S. Typhimu-
rium sono stati fagotipizzati dal Centro di Referenza Nazio-
nale Italiano per le Salmonellosi (Istituto Zooprofilattico
Sperimentale delle Venezie).
I ceppi di C. perfringens (tre singole colonie per ogni cam-
pione positivo) sono stati caratterizzati per la produzione di
tossine mediante i primer e i protocolli di PCR classica de-
scritti in letteratura6.
Antibiogrammi
Tutti i ceppi di E. coli e di Salmonella spp. isolati sono stati
caratterizzati per la suscettibilità/resistenza agli antibiotici
mediante la tecnica di diffusione di Kirby-Bauer su Mueller-
Hinton Agar (Oxoid), secondo quanto indicato dal Clinical
and Laboratory Standards Institute12. I ceppi di E. coli sono
stati saggiati per la sensibilità ai seguenti 16 antibiotici: acido
nalidixico (ANA), amoxicillina (AMC), amoxicillina/acido
clavulanico (AMCL), ampicillina (AMP), apramicina (APR),
colistina solfato (CT), enrofloxacina (ENO), flumequina
(FLUMEQ), gentamicina (GN), neomicina (N), ossitetraci-
clina (OT), sulfametoxazolo/trimetoprim (SXT), tetraciclina
(TE), penicillina (PG), marbofloxacina (MAFL), lincomicina
(MY). I ceppi di Salmonella spp. sono stati saggiati per la sen-
sibilità ai seguenti 16 antimicrobici: acido nalidixico (ANA),
ampicillina (AMP), cefotaxime (CEF), ciprofloxacina (CIP),
cloramfenicolo (CLO), gentamicina (GN), kanamicina
(KAN), streptomicina (STR), sulfonamidi (SUL), tetraciclina
(TE), sulfametoxazolo/trimetoprim (SXT), colistina solfato
(CT), amoxicillina/acido clavulanico (AMCL), enrofloxacina
(ENO), cefalotina (CF), ceftazidime (CAZ).
RISULTATI
Frequenza di isolamento 
degli agenti eziologici responsabili 
di gastroenterite
I risultati dell’indagine diagnostica sugli agenti eziologici più
frequentemente riscontrati nelle feci di vitelli bufalini affetti
da gastroenterite sono riassunti in Tabella 1. C. perfringens è
risultato il patogeno più frequentemente isolato (28% dei ca-
si). E. coli è stato isolato nel 76% dei casi, e 57 isolati (23%
del totale dei casi di gastroenterite) sono risultati positivi al-
la ricerca di fattori di virulenza e/o di emolisine, in accordo
con quanto precedentemente riportato4. Salmonella spp. e
Cryptosporidium spp. sono stati isolati nel 20% e 17% dei ca-
si, rispettivamente. Rotavirus, Coronavirus, Eimeria spp. e
Giardia spp. sono stati individuati nel 7%, 4%, 4% e 3% dei
casi, rispettivamente.
In Tabella 1 sono riportati anche i valori di prevalenza inte-
raziendale dei patogeni ricercati.
Le analisi diagnostiche effettuate hanno indicato in un certo
numero di casi la presenza di più di un patogeno in uno stes-
so campione, con tipologie di isolamenti contestuali estre-
mamente variegate. La Tabella 2 illustra pertanto il grado di
associazione dei patogeni riscontrati nei diversi campioni. In
particolare i dati ottenuti indicano che circa un terzo dei ca-
si di gastroenterite risulta ad eziologia multipla, con un nu-
CRY: Cryptosporidium spp.; GIA: Giardia spp.; EIM: Eimeria spp.; RV: Ro-
tavirus; CV: Coronavirus; SALM: Salmonella spp.; ECO: E. coli patogeni;
CP: C. perfringens.
C. perfringens 41 19 7 2 69
E. coli patogeni 24 27 6 0 57
Salmonella spp. 24 21 2 2 49
Cryptosporidium spp. 20 17 5 0 42
Rotavirus 3 7 5 2 17
Coronavirus 6 3 0 1 10
Eimeria spp. 4 5 0 1 10
Giardia spp. 4 1 2 0 7
Numero casi di isolamento singolo o contestuale ad altri patogeni
Patogeno Senza altri Con 1 diverso Con 2 diversi Con 3 diversi TOT
patogeni patogeno patogeni patogeni
a In tabella sono riportati i valori relativi agli isolati di E. coli dotati di almeno uno dei fattori di virulenza ricercati (E. coli patogeni).
G. Borriello et al. Large Animal Review 2012; 18: 291-296 293
mero minimo di patogeni associati pari a 2, fino ad un mas-
simo di 4 diversi microrganismi riscontrati contemporanea-
mente in uno stesso campione.
La Tabella 3 riporta invece nel dettaglio le frequenze con cui
ogni singolo patogeno è risultato contemporaneamente pre-
sente nello stesso soggetto con ognuno degli altri diversi
agenti eziologici oggetto di studio, e mostra che il patogeno
più frequentemente isolato contestualmente ad altri patoge-
ni è Rotavirus, che è stato di fatto riscontrato da solo soltan-
to nel 18% dei casi (3/17), mentre è risultato spesso isolato
contestualmente a C. perfringens (41%), E. coli patogeni
(35%) e Salmonella spp. (24%).
Altri casi di isolamenti contestuali piuttosto frequenti
(>20%) sono risultati quelli di Giardia spp. con E. coli pato-
geni e C. perfringens (43% e 29%, rispettivamente), ed Ei-
meria spp. con E. coli patogeni (30%). Non sono invece mai
stati riscontrati contemporaneamente i patogeni Giardia
spp. ed Eimeria spp., Giardia spp. e Coronavirus o Rotavi-
rus, Eimeria spp. e Coronavirus. Più in generale, gli agenti
virali (Rotavirus e Coronavirus) e quelli protozoari, quali
Giardia spp. ed Eimeria spp., sono risultati essere quelli iso-




Le analisi eseguite sulle feci provenienti da 248 vitelli bufali-
ni hanno indicato la presenza di 188 campioni positivi per E.
coli. Tra i ceppi isolati, 57 sono risultati positivi alla ricerca di
fattori di virulenza, in funzione dei quali 4 ceppi (2%) sono
stati identificati come E. coli Enterotossici (ETEC), 13 (7%)
come E. coli produttori di tossine Shiga (STEC) e 40 (21%)
come E. coli Necrotossici (NTEC) (Tabella 4). Una percen-
tuale considerevole di isolati (70%) è risultata negativa alla
ricerca dei diversi fattori di virulenza in esame, rientrando
probabilmente a far parte della naturale microflora intesti-
Tabella 1 - Valori di frequenza e di prevalenza interaziendale dei diversi agenti eziologici di gastroenterite nel vitello bufalino.
C. perfringens 69 28 9 36
E. colia 57 23 8 32
Salmonella spp. 49 20 7 28
Cryptosporidium spp. 42 17 7 28
Rotavirus 17 7 4 16
Coronavirus 10 4 3 12
Eimeria spp. 10 4 2 8
Giardia spp. 7 3 1 4
Prevalenza
Patogeno N. isolati Frequenza (%) N. aziende interaziendale
(%)
Tabella 2 - Grado di associazione degli agenti eziologici di gastroenterite nel vitello bufalino.
CRY 48 0 2 7 2 14 14 21
GIA 0 57 0 0 0 0 43 29
EIM 10 0 40 10 0 20 30 10
RV 18 0 6 18 6 24 35 41
CV 10 0 0 10 60 20 0 10
SALM 12 0 4 8 4 49 16 14
ECO 11 6 6 11 0 15 44 22
CP 13 3 1 10 1 10 17 59
Percentuali di associazione (%)
CRY GIA EIM RV CV SALM ECO CP
Tabella 3 - Percentuali di associazione degli agenti eziologici di
gastroenterite nel vitello bufalino.
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nale degli animali. Tre ceppi ETEC sono risultati positivi al-
la ricerca del gene della tossina termolabile lt, mentre uno
stipite è risultato positivo al gene della tossina termostabile
st. Gli isolati STEC sono risultati tutti stx e intimina-positivi.
In particolare, 9 isolati hanno evidenziato la presenza di stx1,
3 isolati di stx2, e 1 isolato sia di stx1 che di stx2. Tra questi
isolati, 5 (3%) hanno mostrato anche attività emolitica. I
NTEC sono risultati il patotipo più frequentemente isolato
(21%) nei vitelli bufalini affetti da diarrea. Tutti i ceppi
NTEC hanno mostrato positività per il gene cnf. Tra gli iso-
lati NTEC, 30 stipiti hanno dato risultato positivo alla ricer-
ca del gene cdt, e 5 isolati hanno mostrato positività alla fa-
miglia delle fimbrie F17. Tutti i NTEC bufalini hanno esibi-
to anche attività emolitica, come spesso accade per i NTEC
di origine umana o animale.
Caratterizzazione degli isolati
di Salmonella spp.
Le analisi per la ricerca di Salmonella spp. hanno individua-
to 49 campioni positivi. Tra i ceppi isolati, sono state identi-
ficate diverse sottospecie di S. enterica; quelle più frequenti
sono risultate Typhimurium (13), Muenster (5) e Give (5).
Gli altri sierotipi identificati sono stati: 4 Derby, 3 Bovismor-
bificans, 3 Newport, 3 Typhimurium monofasiche
(B:4,12:i:), 1 Blockley, 1 Meleagridis, 1 Umbilo, 1 Altona, 1
Bredeney, 1 Enterica (-;i;1,2), 1 Gaminara, 1 Haardt, 1 Hadar,
1 Isangi, 1 Kottbus, 1 Muenchen, 1 S. sub. II salamae
(S:41:z:). I risultati della fagotipizzazione degli isolati di S.
Typhimurium indicano una distribuzione variabile dei fago-
tipi, identificando 9 diversi profili di suscettibilità fagica, ov-
vero 1 DT1, 1 DT20, 2 DT104, 2 DT110, 1 DT194, 1 DT208,
2 U302, 2 RDNC (reazione non conforme allo schema) e 1
NT (non tipizzabile).
Salmonella spp. nel 51% dei casi è stata isolata contestual-
mente ad almeno uno degli altri patogeni ricercati in que-
sto studio (Tabella 3). Da notare in particolare che nessun
ceppo di E. coli patogeno è stato isolato in associazione con
S. Typhimurium.
Tra i ceppi di Salmonella spp. isolati non in associazione con
altri patogeni, rientrano non soltanto 9 ceppi di S. Typhimu-
rium, ma anche salmonelle cosiddette minori, quali 4 S.
Muenster, 3 S. Give, 2 S. Newport, 2 S. Typhimurium mono-
fasica (B:4,12:i:-), 1 S. Meleagridis, 1 S. Umbilo, 1 S. Bovi-
smorbificans, 1 S. sub. II salamae (S:41:z:-).
Caratterizzazione degli isolati
di C. perfringens
Le analisi molecolari condotte sugli isolati di C. perfringens
sono state mirate alla tipizzazione delle tossine eventualmen-
te prodotte. Per ogni ceppo sono state ricercate le tossine al-
fa, beta, beta2, epsilon, iota e l’enterotossina E. Nel 96% dei
casi i ceppi sono risultati produttori di tossine. In particola-
re, come mostrato in Tabella 5, tutti i ceppi tossinogeni sono
risultati positivi alla ricerca della tossina alfa (CPα), 8 isolati
(12%) hanno mostrato la presenza sia del gene della tossina
alfa che della tossina beta2 (CPα-CPβ2), e 2 isolati (3%) so-
no risultati positivi ai geni per le tossine alfa, beta2 ed ente-
rotossina E (CPα-CPβ2-CPE).
Profili di suscettibilità antimicrobica
Tutti i ceppi di E. coli patogeni sono stati testati per la sensibi-
lità a 16 antibiotici. I ceppi di E. coli hanno mostrato percen-
tuali di resistenza elevate, in particolare nei confronti di linco-
micina (MY) (98%) e penicillina (PG) (93%), mentre percen-
tuali di resistenza più basse sono state osservate per gentami-
cina (GN) e colistina solfato (CT) con valori del 26% e 9%, ri-
spettivamente (Tabella 6). Gli isolati di E. coli patogeni hanno
mostrato profili di multi-antibiotico-resistenza estremamente
variegati, con combinazioni di resistenze agli antibiotici quasi
tutte diverse fra loro. Nell’88% dei casi, infatti, hanno esibito
resistenza ad almeno 4 antibiotici diversi; in particolare, il 35%
degli isolati è risultato resistente ad almeno 10 molecole anti-
biotiche, e di questi un isolato ha esibito 14 diverse resistenze
(dati non mostrati). Nessun ceppo di E. coli ha mostrato un
profilo di suscettibilità totale agli antibiotici testati.
Patotipo Fattori N. isolati Frequenza
di virulenza (%)






C. perfringens N. isolati Frequenza
Tossine (%)
Tabella 5 - Caratterizzazione molecolare degli isolati di Clostri-
dium perfringens in riferimento alla produzione di tossine.
R 39 58 68 40 28 9 37 30 26 98 30 42 72 93 44 72
S 61 42 32 60 72 91 63 70 74 2 70 58 28 7 56 28
% Ana Amc Amcl Amp Apr Ct Eno Flu Gn My Mafl N Ot Pg Sxt Te
Tabella 6 - Profili di antibiotico resistenza dei ceppi di E. coli isolati da vitelli bufalini in corso di gastroenterite.
* Include un ceppo con fagotipo DT104.
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Per quanto riguarda i ceppi di Salmonella spp., i tassi di resi-
stenza più elevati sono stati riscontrati nei confronti di sulfo-
namidi (SUL) e tetraciclina (TE), con valori del 44% e 33%,
rispettivamente, mentre suscettibilità totali sono state registra-
te nei confronti di cefotaxime (CEF), ciprofloxacina (CIP), co-
listina solfato (CT), enrofloxacina (ENO) e ceftazidime (CAZ)
(dati non mostrati). La Tabella 7 mostra i profili di multi-an-
tibiotico resistenza esibiti dagli isolati di Salmonella spp. in
esame. Come si può notare, il 24% degli isolati ha esibito resi-
stenza ad almeno 4 molecole antibiotiche diverse. In partico-
lare, i due ceppi di S. Typhimurium DT104 hanno esibito i
profili str-sul-te e amp-str-sul-te, rispettivamente. Gli altri iso-
lati di S. Typhimurium hanno mostrato profili variabili, da un
numero di 7 resistenze diverse (1 isolato) a suscettibilità totali
alle molecole testate (3 isolati). Da notare che numerosi profi-
li di multi-antibiotico resistenza sono stati riscontrati in isola-
ti di Salmonella non Typhimurium (Tabella 5).
DISCUSSIONE
I risultati di questo studio consentono di definire alcuni
aspetti delle gastroenteriti nel vitello bufalino. Infatti, la diar-
rea è risultata caratterizzata dalla presenza, talvolta contem-
poranea, di più agenti eziologici. In particolare, E. coli, Sal-
monella spp., Cryptosporidium spp. e C. perfringens sono sta-
ti identificati quali principali patogeni responsabili di sin-
drome gastroenterica in vitelli nel primo mese di vita.
C. perfringens è risultato il patogeno isolato con maggiore
frequenza (28% dei casi), sia da solo che in associazione con
altri patogeni. La tossina alfa è la principale tossina letale
prodotta da questo microrganismo, e causa la lisi delle mem-
brane di molti tipi cellulari. Insieme a questa, l’enterotossina
e la tossina beta2 sono quelle che svolgono il ruolo principa-
le nell’induzione di sindromi severe, e sono state associate a
gastroenterite in diverse specie animali, quali bovini, suini e
cavalli6. Analogamente, la presenza di clostridi produttori di
alfa tossine è risultata significativa anche nel bufalo, con una
frequenza di isolamento pari al 96% dei clostridi totali.
Gli E. coli patogeni sono risultati anch’essi piuttosto frequenti
(23%). La caratterizzazione molecolare ha evidenziato i se-
guenti patotipi: ETEC (2%), STEC (7%) e NTEC (21%). In
particolare, a differenza della specie bovina, nel vitello bufali-
no i ceppi ETEC sono stati rinvenuti piuttosto raramente. Cep-
pi STEC sono stati isolati nel 7% dei casi. La maggiore fre-
quenza della tossina Stx1 rispetto alla Stx2 in ceppi eae-positi-
vi è invece in accordo con quanto noto per la specie bovina, per
la quale la Stx1 è spesso associata con ceppi eae-positivi e il ge-
ne eae è più frequente in ceppi STEC isolati da vitelli piuttosto
che da soggetti adulti13. I ceppi NTEC sono risultati i più fre-
quenti nei vitelli bufalini affetti da gastroenterite (isolati nel
21% dei casi), e questo risultato è in accordo con dati riporta-
ti in letteratura relativi alla presenza di ceppi CNF-positivi sia
in vitelli sani che diarroici14. La presenza diffusa di ceppi NTEC
in vitelli bufalini e l’elevato numero dei fattori di virulenza
espressi, evidenzia il potere patogeno di questo patotipo. Il po-
tenziale patogeno di tutti i patotipi riscontrati in questo studio
assume poi un peso ancora maggiore in relazione alla diffusis-
sima presenza di resistenze multiple agli antibiotici (88% degli
isolati di E. coli patogeni). Una tale frequenza risulta estrema-
mente preoccupante in relazione alla possibilità di diffusione
dell’antibiotico-resistenza, mediante trasferimento orizzontale
del carattere ad altre specie microbiche, anche patogene.
Salmonella spp. ha esibito una prevalenza significativa
(20%), maggiore rispetto a quella riportata in passato per i
vitelli bufalini (11%)15. La caratterizzazione fenotipica degli
isolati di Salmonella spp. ha mostrato una distribuzione
estremamente variabile dei sierotipi in questa specie anima-
le, con una prevalenza di S. Typhimurium (26%), S. Muen-
ster (10%) e S. Give (10%). I ceppi di S. Typhimurium han-
no inoltre esibito una grande variabilità anche nella suscetti-
bilità fagica. Il fagotipo DT104, che è spesso stato associato a
ceppi dotati di resistenze multiple agli antibiotici con accer-
tato potere zoonosico, non sembra essere molto diffuso nel
bufalo. Oltretutto, nell’ambito dei profili di antibiotico resi-
stenza, i ceppi DT104 isolati in questo studio hanno esibito
un minor numero di resistenze rispetto non solo ad altri fa-
gotipi, ma anche sierotipi non Typhimurium. Questi dati
confermano l’assenza di un sierotipo specificamente adatta-
to al bufalo1 e pongono in evidenza il potenziale patogeno
anche di salmonelle cosiddette minori. È interessante sotto-
lineare la presenza in vitelli bufalini affetti da gastroenterite
di ceppi di S. Typhimurium monofasica (B:4,12:i:-). Questi
ceppi sono ormai diventati emergenti, e la loro presenza si
sta diffondendo in animali da allevamento, in animali da
compagnia nonché nell’uomo. Un recente documento EF-
SA16 considera infatti il rischio associato a questi ceppi para-
gonabile a quello determinato da S. Typhimurium nel causa-
re ampie epidemie di infezione negli animali e nell’uomo.
La presenza di Cryptosporidium spp. (17%) è risultata para-
gonabile ai valori riportati in letteratura (14,19%)2, a confer-
ma che tale parassita può incidere grandemente in termini di
numero di casi e costi da sostenere per la relativa terapia. Ri-
sulta pertanto di fondamentale importanza il controllo dei
principali fattori di rischio che ne favoriscono la diffusione,
quali la pavimentazione dell’azienda zootecnica e la fonte di
approvvigionamento dell’acqua2. Altri parassiti quali Giardia
spp. ed Eimeria spp. sembrano essere poco diffusi, e questo
dato, soprattutto per quanto riguarda Eimeria spp., potrebbe
essere legato all’età dei soggetti investigati.
Infine, Coronavirus e Rotavirus sono stati identificati con
frequenze decisamente più basse rispetto agli agenti batteri-
ci. Studi recenti3,17 sottolineano però l’importanza e il potere
patogeno di questi agenti nell’allevamento bufalino, e ripor-









Meno di 3 resistenze/suscettibilità totale 35 6
Profilo di N. N. isolati
antibiotico-resistenza isolati S. Typhimurium
Tabella 7 - Profili di multi-antibiotico-resistenza dei ceppi di Salmo-
nella spp. isolati da vitelli bufalini in corso di gastroenterite.
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CONCLUSIONI
I risultati riportati in questo studio confermano l’ampia e
variegata presenza di agenti eziologici in vitelli bufalini af-
fetti da gastroenterite. La multifattorialità della diarrea nel
vitello impone pertanto di effettuare un’indagine su più
soggetti della stessa azienda, in modo da ottenere un qua-
dro completo dei patogeni presenti in allevamento ai fini di
una corretta diagnosi e di un’efficace terapia. Quest’ultima
non può non tener conto dell’antibiotico-resistenza mo-
strata in particolar modo da E. coli e, in minor misura, da
Salmonella spp.
La diffusa presenza di patogeni, la capacità di resistenza agli
antimicrobici, nonché la capacità di sopravvivenza ambien-
tale di molti degli agenti eziologici studiati portano a con-
cludere che occorre investire molto in termini di prevenzio-
ne. Questa deve basarsi sull’impiego di idonee procedure di
pulizia, igiene e disinfezione ambientale, nonché sull’adozio-
ne della tecnica del “tutto pieno/tutto vuoto”. Inoltre, di fon-
damentale importanza risulta la profilassi immunizzante ba-
sata soprattutto sull’utilizzo di specifici vaccini stabulogeni,
data la peculiarità di molti degli agenti patogeni messi in evi-
denza. Infine, considerata la valenza zoonosica di alcuni di
essi, l’applicazione di efficaci misure di biocontrollo deter-
mina un indubbio vantaggio in termini di sanità pubblica
conseguente alla riduzione del rischio di contaminazione dei
prodotti di filiera e dell’ambiente di allevamento.
❚ Infectious gastroenteritis in water
buffalo calves: identification and
characterization of the major
aetiological agents in herds of the
Campania region
SUMMARY
The present study represents a survey of the infectious ae-
tiological agents responsible for gastroenteritis in water
buffalo calves within the first month of life. The faeces from
248 diarrhoeic calves were investigated for the presence of
the pathogens E. coli, Salmonella spp., Clostridium perfrin-
gens, Rotavirus, Coronavirus, Cryptosporidium spp., Giardia
spp. and Eimeria spp. C. perfringens resulted the most fre-
quent (28%) pathogen. Pathogenic E. coli, Salmonella spp.
and Cryptosporidium spp. were isolated in the 23%, 20%
and 17% of cases, respectively. Rotavirus, Coronavirus, Ei-
meria spp. and Giardia spp. were detected in the 7%, 4%,
4% and 3% of cases, respectively. The E. coli strains were
characterized for the presence of the main virulence factors
(lt, st, stx1, stx2, eae, cdt, cnf, F17) and for haemolytic acti-
vity. The strains were therefore classified as ETEC (2%),
STEC (7%) and NTEC (21%). The serotyping of the Sal-
monella spp. isolates displayed an elevated number of S. en-
terica subspecies, mainly Typhimurium (26%), Muenster
(10%) and Give (10%). The 13 S. Typhimurium isolates we-
re characterized for phage susceptibility and exhibited 9 dif-
ferent phage types. The isolates of C. perfringens were cha-
racterized for the presence of genes coding for the major
toxins (alpha, beta, beta2, iota, epsilon and enterotoxin E).
The 81% of the strains was positive to the gene coding for
toxin α, 12% of the isolates were positive to both toxin α
and toxin β2, 3% of the isolates were positive to toxin α,
toxin β2 and enterotoxin E. The E. coli and Salmonella iso-
lates were further characterized for the resistance to 16 an-
tibiotics, and exhibited high levels of multi-resistance. The
results reported in this study confirm the wide and variega-
ted presence of aetiological agents in water buffalo calves af-
fected by gastroenteritis and underline the broad presence
of antibiotic-resistance.
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Background Toll-like receptors play a key role in innate immunity by recognizing pathogens 
and activating appropriate responses. Pathogens express several signal molecules 
(pathogen-associated molecular patterns, PAMPs) essential for survival and pathogenicity. 
Recognition of PAMPs triggers an array of anti-microbial immune responses through the 
induction of various inflammatory cytokines. The objective of this work was to perform a case-
control study to characterize the distribution of polymorphisms in three candidate genes (toll-
like receptor 2, toll-like receptor 4, toll-like receptor 9) and to test their role as potential risk 
factors for tuberculosis infection in water buffalo (Bubalus bubalis). 
Results The case-control study included 174 subjects, 54 of which resulted positive to both 
intradermal TB test and Mycobacterium bovis isolation (cases) and 120 resulted negative to 
at least three consecutive intradermal TB tests. The statistical analysis indicated that six 
polymorphisms exhibited significant differences in allelic frequencies between cases and 
controls. Indeed, the GG and TT genotypes at TLR2 381 A>G and TLR2 2064 T>C loci, 
respectively, resulted significantly associated with susceptibility to bovine tuberculosis 
(P<0.001, OR=52.25, 95% CI=6.75÷404.57, and P <0.001, OR= 48.5, 95% CI=10.88÷216.26, 
respectively). Four polymorphisms resulted significantly associated with resistance to the 
disease, and included the AG and CC genotypes, at the TLR2 381 A>G and TLR2 2064 T>C 
loci, respectively, (P <0.001, OR= 0.06, 95% CI= 0.01 to 0.25, and P <0.001, OR=0.04, 95% 
CI=0.01÷0.13, respectively); the CC genotype at the TLR4 672 A>C locus (P = 0.01, OR= 
0.28, 95% CI=0.10÷0.76), and the C/C genotype at the TLR9 2340 C>T locus (P = 0.04, 
OR=0.33, 95% CI=0.11÷0.92). Haplotype reconstruction of the TLR2 gene revealed a 
haplotype (CTTACCAGCGGCCAGTCCC) associated with disease resistance (P=0.04, 
OR=0.51, 95% CI=0.27÷0.96), including both allelic variants associated with disease 
resistance. 
Conclusions The work describes novel mutations in bubaline TLR2, TLR4 and TLR9 genes 
and presents their association with M. bovis infection. These results will enhance our ability to 
determine the risk of developing the disease by improving the knowledge of the immune 
mechanisms involved in host response to mycobacterial infection, and will allow the creation 









Tuberculosis is a major zoonosis that causes serious economic losses in livestock industry. 
Among domestic ruminants, an economically important role, in many parts of the world and 
particularly in Southern Italy, is played by water buffalo (Bubalus bubalis). Milk from this 
animal species is used for the production of the worldwide famous “mozzarella di bufala” 
cheese, whose product specifications allow the use of raw milk [1]. It is therefore mandatory 
the use of milk collected from brucellosis- and tuberculosis-free herds. Tuberculosis in 
Southern Italy has not yet been eradicated (prevalence value of 0.7% in bovine and water 
buffalo herds in 2012), and there is an increase of new cases of the disease (incidence value 
of 0.65%) (data from the veterinary epidemiology monitoring field office, Istituto Zooprofilattico 
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Sperimentale del Mezzogiorno). The Italian National plan for tuberculosis control is based on 
a test-and-slaughter approach and does not allow vaccination. The genetic variation within 
the host may play a crucial role in the immunity to infections and resistance or susceptibility to 
disease, and selective breeding for disease-resistant genotypes might represent an emerging 
approach supporting disease control [2,3]. The role of genes in protection against bacterial 
infections also shown in water buffalo [4] prompted the search for polymorphisms conferring 
resistance to mycobacterial infection in this species. 
Microbial infection initiates complex interactions between the pathogen and the host. 
Pathogens express several signal molecules, known as pathogen-associated molecular 
patterns (PAMPs), which are essential for survival and pathogenicity. Recognition of PAMPs 
triggers an array of anti-microbial immune responses through the induction of various 
inflammatory cytokines [5]. 
Toll-like receptors (TLRs) are reported to be involved in immune responses [6-8] and their 
polymorphisms have been associated with high susceptibility to mycobacteria, the causative 
agent of bovine tuberculosis [9-12]. TLRs are transmembrane proteins that play a key role in 
innate immunity by recognizing pathogens and subsequently activating appropriate 
responses. They are characterized by an extracellular N-terminal domain constituted by 16 to 
28 leucine rich repeats (LRR) involved in ligand recognition [13], and an intracellular C-
terminal domain known as the toll/IL-1 receptor (TIR) domain, required for the interaction and 
recruitment of various adaptor molecules to activate the downstream signalling pathways [14]. 
In water buffalo, each cell contains 25 chromosome pairs (Bubalus bubalis 2n=50) [15], and 
the TLRs 2 and 9 loci are localized on chromosomes 17 and 21, respectively, while the TLR 4 
locus is located on chromosome 3 [16]. 
Toll-like receptors 2 and 4 mediate their effects by recognizing bacteria, including 
mycobacteria. Toll-like receptor 2 is sensitive to peptidoglycan and to lipoarabinomannan 
molecules present in the cell wall of these microorganisms. Toll-like receptor 4 is involved in 
bacterial lipopolysaccharide recognition [17], but its sensitivity to mycobacterial antigens has 
also been reported [18]. Toll-like receptor 9 is essential for responses to bacterial DNA and in 
particular to unmethylated CpG dinucleotides (CpG DNA) [19]. 
The aim of this study was (i) to identify single nucleotide polymorphisms (SNPs) in the coding 
sequence (CDS) of three candidate genes: toll-like receptor 2 (TLR 2), toll-like receptor 4 
(TLR 4), toll-like receptor 9 (TLR 9), (ii) to characterize the distribution of the detected 
polymorphisms and (iii) to perform a case-control study to test their role as potential risk 
factors for tuberculosis infection in water buffalo. 
Results  
Identification of SNPs. 
The water buffalo TLR2 and TLR9 genes consist of two exons, while the TLR4 consists of 
three exons. The analysis of the entire CDSs enabled us to identify 29 new SNPs, none of 
which was reported in GeneBank. Specifically, 18 were identified in TLR2 (five non-
synonymous and 13 synonymous), nine in TLR4 (five non-synonymous and four 
synonymous), and two in TLR9 (both synonymous). All the found SNPs were bi-allelic with 
the exception of a tri-allelic SNP (572 A>CG) found in TLR4. In addition we identified a 
dinucleotidic SNP (482/483 GC>CT) in TLR2. Table 1 shows all the SNPs, their positions in 




Calculation of the allelic and genotypic frequencies, and application of the χ2 test, revealed 
that both populations (cases and controls) conformed to the Hardy-Weinberg equilibrium with 
regard to all the polymorphic loci (P > 0.05) of the TLRs 2, 4 and 9 genes.  
For each detected SNP, the frequency distributions of each possible genotype in both groups 
of animals (cases and controls) was evaluated by calculating the Odds Ratio (OR) and 
applying the χ2 test of independence. Within the 29 analysed polymorphic sites, four SNPs 
exhibited statistically significant differences in frequency distribution of one or more 
associated genotypes between cases and controls (Table 2). In particular, two SNPs were 
located in the TLR2 gene (381 A>G and 2064 T>C), one SNP in TLR4 (672 A>C ) and one in 
TLR9 (2340 C>T).  
In the TLR2 gene, the 381 A>G locus included the GG genotype exhibiting an OR of 52.25 
(95% CI= 6.75 to 404.57) and a χ2 test of independence with a significant P-value (P<0.001), 
thus indicating a strict correlation between this genotype and susceptibility to tuberculosis. In 
the same polymorphic locus, a significant P-value (P<0.001) and a significant OR (OR= 0.06, 
95% CI= 0.01 to 0.25) were observed for the heterozygous A/G genotype. However, in this 
case, an OR value far below 1 indicates a likewise strong correlation with resistance to the 
disease. In the same gene, the homozygous T/T genotype at the 2064 T>C polymorphic 
locus, proved to be significantly associated with susceptibility to the disease (P <0.001 and 
OR= 48.5, 95% CI= 10.88 to 216.26), while the homozygous C/C genotype was associated 
with disease resistance (P <0.001 and OR 0.04, 95% CI =0.01 to 0.13).  
For the TLR4 gene, the CC genotype at the 672 A>C locus displayed a significant P-value (P 
= 0.01) and an OR lower than 1 (OR= 0.28, 95% CI =0.10 to 0.76), thus indicating a 
significant association with resistance to tuberculosis.  
In the TLR9 gene, the analysis revealed one polymorphic site (2340 C>T) including one 
genotype (C/C) associated with resistance to the disease (P = 0.04 and OR= 0.33, 95% CI = 
0.11 to 0.92). 
Haplotype reconstruction based on TLR2 polymorphisms performed by PHASE software, 
generated 25 possible haplotypes, seven of which displayed a frequency greater than 0.01% 
in the whole sample. The software PHASE can reveal any significant imbalance in haplotype 
distribution between groups by performing a permutation test; the application of this analysis 
to the detected haplotypes revealed the presence of one haplotype 
(CTTACCAGCGGCCAGTCCC) associated with disease resistance (P = 0.04 and OR = 0.51, 
95% CI= 0.27 to 0.96). This haplotype contained the two allelic variations that resulted 
associated with disease resistance.  
In the TLR4 gene, 34 haplotypes were observed in the two tested groups, six of which 
displayed a frequency greater than 0.01% in the whole population. None of the predicted 
haplotypes showed a significant association with resistance/susceptibility to tuberculosis. 
Finally, four haplotypes were observed in the TLR9 gene, none of which displayed a 
significant association with resistance/susceptibility to tuberculosis. 
Discussion 
The polymorphisms of single nucleotides constitute excellent genetic markers for various 
population studies, in that they can, for instance, reveal traces of natural selection. Moreover, 
it is now known that the contribution of genes to the incidence of or predisposition to diseases 
can be determined by comparing inter-individual genetic differences.  
Each individual, to a greater or lesser degree than others, is genetically prone to develop 
certain diseases. In most cases, the susceptibility or resistance to a given pathology does not 
of course mean that the individual will necessarily be affected by the disease or remain 
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disease-free; it does, however, indicate a higher or lower risk than that of the general 
population. Indeed, the onset of symptoms is due to an interaction between genetic factors 
and environmental factors (stress, diet, etc). Nevertheless, cases have been described in 
which genetic factors are sufficient to determine the course of infection. In scrapie, for 
instance, which is a transmissible disease of sheep and goats caused by a prion, there are 
reports of genotypes that are defined as “resistant”, which are practically refractory to natural 
infection [20,21].  
Our analysis of the water buffalo TLR2, TLR4 and TLR9 genes enabled us to identify 29 
SNPs. In the three genes, the 34% of the SNPs fell within the LRR protein domains, regions 
responsible for ligand recognition. This finding is in agreement with what has already been 
observed in TLRs genes of cattle, humans and mice [9,22].  
The case-control study carried out on the identified polymorphisms revealed the presence of 
associations between some of these and the disease caused by M. bovis. Specifically, in 
TLR2, we observed a strong correlation between susceptibility to disease and two genotypes: 
G/G at locus 381 A>G (OR = 52.25, 95% CI = 6.75 to 404.57, P<0.001) and T/T at locus 2064 
T>C (OR= 48.5, 95% CI= 10.88 to 216.26, P <0.001). By contrast, a likewise strong 
correlation was seen between resistance to tuberculosis and the A/G (OR= 0.06, 95% CI= 
0.01 to 0.25, P<0.001) and C/C (OR = 0.04, 95% CI = 0.01 to 0.13, P <0.001 and) genotypes, 
when present at the same respective loci. Haplotype reconstruction enabled us to ascertain 
whether the interaction of the single alleles exerted an influence on the animal’s response to 
the disease; indeed, this analysis revealed a haplotype that was associated with disease 
resistance (CTTACCAGCGGCCAGTCCC). This haplotype contained the two allelic variants 
which proved to be associated with disease resistance. However, as these variants are not 
exclusive of the associated haplotype, we may hypothesise that other loci exert a modulatory 
effect.  
The study conducted on the polymorphisms identified in TLR4 revealed the presence of a 
single genotype that was associated with resistance to tuberculosis: the C/C genotype at 
locus 672 A>C (OR= 0.28, 95% CI =0.10 to 0.76, P = 0.01). In this case, haplotype 
reconstruction and the permutation test did not retrieve any disease-associated haplotype. 
One aspect that needs to be stressed is that all the SNPs for which the statistical analysis 
revealed an association with resistance or susceptibility to tuberculosis were synonymous 
SNPs. The classical view was that synonymous mutations, also called silent mutations, had 
no effect on susceptibility to disease as they do not influence the amino acid composition of 
the encoded protein. However, in the early 1980s, several studies demonstrated that these 
mutations could also exert an effect on some of the most important processes regulating 
protein synthesis, and therefore on the phenotype. To date, it is estimated that about 50 
human diseases are caused entirely or partly by synonymous mutations, and it has also been 
demonstrated that they play a role in the resistance to some diseases [23,24]. In the human 
TLR2, for example, synonymous mutations have been identified which are associated with 
resistance to liver cell carcinoma [14]. A recent meta-analysis carried out in humans identified 
a significant association between an intron mutation of TLR9 and tuberculosis [25]. 
With regard to the mechanisms in which these mutations are involved, a major step forward 
was the discovery that, in Escherichia coli, not all the synonymous codons were used to the 
same degree. Lipman & Wilbur observed that the choice of certain codons could influence the 
speed, precision and levels of protein synthesis [26].  
Moreover, it has been observed that silent mutations can interfere with various stages of 
protein “construction”, from DNA transcription to the translation of mRNA into protein.  
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Silent changes in the codons that form part of the exonic splicing enhancers (ESE) can 
prevent the introns from being properly eliminated. A notable example of the damage that can 
be caused by mutations in a splicing enhancer has been documented for the CFTR (Cystic 
Fibrosis Transmembrane Conductance Regulator) gene [27,28].  
Furthermore, even if the introns are correctly eliminated by the primary RNA transcript, the 
mRNA may not fold in the right way. In the catechol-O-methyltrasferase (COMT) gene, a 
silent mutation intensifies the folding of the mRNA, which becomes more difficult to unroll, 
thus reducing synthesis of the protein [29].  
Finally, synonymous mutations can alter the stability of the transcript by reducing its affinity 
for RNA binding proteins. Indeed, in humans, a synonymous mutation of the gene coding for 
corneodesmosine (CDSN) has been associated with the onset of psoriasis in various ethnic 
groups [30].  
Thus, it will be interesting to study these mutations in greater depth, for example by analysing 
the level of expression of the transcripts and the proteins by means of molecular techniques 
(e.g., real-time qPCR and Western-blot experiments), to ascertain whether different 
genotypes induce different levels of expression. Furthermore, mRNA stability assays could 
shed light on the functional role of the mutations identified [31].  
An alternative hypothesis could be that some of the detected synonymous mutations are not 
directly related to disease susceptibility/resistance, but rather that one or more are linked to 
other functional mutations on the same chromosome which have not yet been identified. 
Further studies will be necessary in order to understand how these polymorphisms act.  
Conclusions  
The work describes novel mutations in bubaline TLR2, TLR4 and TLR9 genes and presents 
their association with M. bovis infection. Studies of the genetic factors involved in complex 
diseases have not yet provided clear explanations for the onset of such diseases, though they 
may help to identify their underlying physiopathological pathways. A thorough knowledge of 
these mechanisms will form the basis of our ability to determine the risk of developing the 
disease and to understand it in its entirety. This will pave the way to create multiple layers of 





The genetic association was studied by means of a case-control approach on 174 water 
buffaloes from 22 herds in the Campania region. Samples collection was performed within the 
Italian National plan for the control of tuberculosis, which imposes culling of all the subjects 
positive to the delayed hypersensitivity test [32] and microbiological processing of the 
lymphoid tissue for isolation of M. bovis [32]. Our analyses, performed during the period 2009-
2011, revealed the presence of 54 animals positive to both intradermal TB test and M. bovis 
microbiological isolation. These 54 animals were therefore classified as cases for the case-
control study. The choice of the microbiological test to confirm cases identification was 
considered in order to exclude the possibility of false-positive subjects diagnosed by the 
delayed hypersensitivity test. The control subjects were collected among the animals which 
tested negative to repeated intradermal TB tests (at least three tests) during the entire period 
of the study. The control animals were at least five years-old, and were born and raised in the 
same herds of cases to ensure an equal level of exposure to infection. The number of 
controls was estimated taking into account an odds ratio value of 2.0 as a threshold for 
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significance, with a ratio for cases and controls of 1:2 (power = 80%, confidence = 95%) [11]. 
Based on these parameters, with an imposed number of cases (54), the required number of 
controls was 108 for a one-tailed analysis. The present case-control study therefore included 
54 cases and 120 controls.  
TLRs sequencing 
DNA was extracted from blood (control animals) and lymph node (cases) samples using the 
QIAamp DNA mini kit (Qiagen, Hilden, Germany) according to the manufacturer’s protocol. 
PCR primers for amplification of the CDS of the genes TLR2, TLR4 and TLR9 were designed 
using the Web interface Primer3; they are shown in table 3. The TLR2 coding sequence was 
amplified using two primer pairs according to the following touchdown PCR protocol: initial 
step of 7 cycles of 1 min at 95°C, 1 min at 65°C (decreasing by 1°C after each cycle), 1 min 
30 s at 72°C, followed by 35 cycles of 1 min at 95°C, 1 min at 58°C, 1 min 30 s with a final 
extension of 10 min at 72°C. The TLR4 CDS was amplified using four primers sets with the 
following thermal profile: 35 cycles of 30 s at 95°C, 30 s at Tann and 45 s at 72°C, with a final 
extension of 10 min at 72°C. Tann is the annealing temperature specifically indicated for each 
primers pair in Table 3. The TLR9 CDS was amplified using six primer sets with the following 
thermal profile: 5 cycles of 30 s at 95°C, 20 s at 60°C, and 15 s at 72°C followed by 30 
additional cycles of 20 s at 95°C, 20 s at Tann, and 30 s at 72°C, with a final extension of 10 
min at 72°C. All thermal profiles included an initial step at 95°C for 15 min for Taq DNA 
polymerase activation. The reaction mixture included 5 ng/l of genomic DNA, 0.5 μM each 
primer (forward and reverse), 1X HotStar Taq Master Mix (Qiagen) in a final volume of 25 l. 
Amplicons were purified (QiaQuick purification kit, Qiagen), bi-directionally sequenced using 
the Big Dye Terminator cycle sequencing kit v.1.1 or v.3.1 (Life Technologies) and purified 
using the DyeEx spin kit (Qiagen). Samples (5μl) were denatured with 10 μl of Hi-Di 
formamide (Life Technologies) at 95°C for 5 min, and separated by capillary electrophoresis 
on either ABI PRISM 310 or 3130 sequencers (Life Technologies). Sequencing data were 
manually inspected by the Sequencing Analysis software v5.4 (Life Technologies).  
SNP selection and genotyping  
Sequences were analyzed by multiple alignment using BioEdit v.7.1.3 [33] and SeqManII 5.00 
software (DNASTAR Inc.). The 174 water buffalo sequences of the TLR2, TLR4 and TLR9 
genes were compared with the publicly available sequences GenBank:HM756161 (Toll-like 
receptor 2 gene, complete cds), GenBank:HM469969 (Toll-like receptor 4 gene, complete 
cds), GenBank:HQ242778 (Toll-like receptor 9 gene, complete cds), respectively. Each 
forward and reverse sequence from a single DNA sample was compared with the other in 
order to generate a consensus sequence and to identify polymorphisms among the samples.  
Genetic association analysis  
Genotype frequencies were tested for deviation from Hardy-Weinberg equilibrium (HWE) by 
using Fisher Exact test and Chi-square test (χ2). For each gene the significance of the allele 
and genotype frequencies distribution between cases and controls was evaluated by the 
Odds Ratio (OR) calculated with a 95% confidence interval (CI), and P-values of the chi-
squared test of independence by using Vassarstat software (Richard Lowry, 
http://faculty.vassar.edu/lowry/VassarStats.html).  
Haplotype reconstruction was performed by means of PHASE software, version 2.1 [34].  
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Table 1 Detected SNPs in bubaline TLRs2, 4 and 9 genes 
gene SNPsa AA changeb Protein domain 
TLR2 42 C>T / / 
 53 C>T M18T / 
 108 C>T / LRR 8 
 153 G>A / / 
 156 C>T / / 
 374 T>C A125V LRR 8 
 381 A>G / LRR 8 
 482/483 GC>CT S161T LRR 8 
 519 G>C / LRR 8 
 1034 A>G S345N / 
 1375 T>C / / 
 1407 C>T / / 
 1650 G>A / LRR CT 
 1678 A>G A560T LRR CT 
 1707 C>T / LRR CT 
 1731 C>T / LRR CT 
 1740 C>T / LRR CT 
 2064 T>C / / 
TLR4 572 A>Cc Y191S / 
 572 A>Gc / / 
 574 C>T Q192W / 
 575 A>G Q192W / 
 576 T>G / / 
 577 G>A E193K / 
 579 A>G / / 
 647 G>A / / 
 662 G>A / / 
 672 A>C / / 
TLR9 2340 C>T / / 
 2475 A>G / / 
a SNPs positions were calculated taking the ATG start codon as position 1 based on the 
sequences GenBank:HM756161 (TLR2 gene), GenBank:HM469969 (TLR4 gene), 
GenBank:HQ242778 (TLR9 gene) 
b amino acid positions are given according to the ATG start codon 




Table 2 Polymorphic sites including genotypes with statistically significant differences 
in frequency distribution between cases and controls 
gene SNPs genotype P-value OR CI  95% 
TLR2 381 A>G A/A 0.86 1.13 0.57 - 2.21 
  G/G 0.00 52.25 6.75 - 404.57 
  A/G 0.00 0.06 0.01 - 0.25 
 2064 T>C T/T 0.00 48.5 10.88 - 216. 26 
  C/C 0.00 0.04 0.01 - 0.13 
  T/C 0.47 1.35 0.69 - 2.63 
TLR4 672 A>C A/A 0.26 1.55 0.78 - 3.06 
  C/C 0.01 0.28 0.10 - 0.76 
  A/C 0.43 1.36 0.71- 2.58 
TLR9 2340  C>T  C/C 0.04 0.33 0.11 - 0.92 
  T/T 0.29 1.43 0.72 - 2.85 
  C/T 0.59 1.27 0.64 - 2.47 




Table 3 PCR primers and annealing temperatures for amplification of bubaline TLRs 2, 
4 and 9 genes 
Oligo Sequence ( 5'  3')  PCR Tann (°C) 
TLR2 A 
For: TTTGTAGGTCAAATCACTGGACA 
58a Rev: TCCTGGCCACTGACAAGTTT 
TLR2 B 
For: GCCCTTCCTTCAAACCTTG 
58 a Rev: CACCACCAGACCAAGACTGA 
TLR4 A 
For: GTGTGGAGACCTAGATGACTGG  
60 Rev: GTACGCTATCCGGAATTGTTCA 
TLR4 B 
For: CTTTCCTGGAGGGACTGTGC 
60 Rev: CCACGAAGTTTGAACCTAAGGTAA 
TLR4 C 
For: CTACCAAGCCTTCAGTATCTAG  
60 Rev: GGCATGTCCTCCATATCTAAAG 
TLR4 D 
For: AAGGACCAGAGGCAGCTCTT 
58 Rev: TAACTGAACACGCCCTGCAT 
TLR9 A 
For: CCAGCCTCTCCTTAATCTCC 
54 Rev: CGGAACCAATCTTTCTCTAGTT 
TLR9 B 
For: CCTGACACCTTCAGTCACCT 
55 Rev: GCGGGTAAACATCTCTTGCT 
TLR9 C 
For: CGTCAGCTCAAAGGACTTCA 
56 Rev: AGGGTGTGCAGATGGTTCTC 
TLR9 D 
For: GGGAGACCTCTATCTCTGCTTT 
56 Rev: CGCTCACGTCTAGGATTTTC 
TLR9 E 
For: CTTCAGAAGCTGGACGTGAG 
55 Rev: TCTTGCGGCTGCTGTAGAC 
TLR9 F For: TGCTCTATGATGCCTTCGTG 55 Rev: AGGTTGGCCCAGAAACTACC 
a For these primer pairs a touchdown PCR thermal profile was used 
 
 
